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(57) Abstract: The present invention relates to new compounds of formula (I) 
whream R^ is aryl or heteroaiyl, each of which is optionally substituted with 
one or more of R', OR', OCOR', COOR', COR3, CONR^R* NHCOR', NR^R* 
NHSQiR', SQzR^ S02NR3R^ SR^, CN. halogeno or NOz; R^ is R^ R^ COR^, 
COR^ CONHR5 CONHR^ CON(R*)i, COOR', COOR^ SOjR^ or SO^R*^; a 
process for their preparation and new intemiediates used tfaeiein, phannaceutical 
formulations containing said therapeuticaUy active compounds and to the use of 
said active compounds in therapy. 
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pyridine aerivatlves as JHE Ixihlbltors and their use 
TECHNICAL FIELD 

The present invention relates to novel pyridine derivatives, useful for treatment of various 
disorders! The invention relates to methods for producing these compounds. The invention 
also provides pharmaceutical compositions comprising the compounds of the invention and 
methods of utilizing these compositions in the treatment of various disorders. 

BACKGROUND TO THE INVENTION 

Ptotein kinases are inqK>rtant components of intraceUular signalling pathways and kinases 
are involved m tbe regulation of a variety of ceUular functions. The MAP kinase signalling 
pathways are activated by engagement of a number of cell surface receptors. One of these 
pathways, the JNK pathway is activated specifically by stress or pro-inflammatory 
cytokines. Activators include LPS, the cytokines tumor necrosis factor (TNF-a) and 
Eaterleukin-l (IL-1), osmotic shock, chemical stress and UV radiation (Cohen, P. Trends in 
Cell Biol. 7:353-361 1997). Targets of the JNK pathway include a number of transcription 
factors, such as but not exclusively c-jun and ATF-2 (Whitmarsh, A. and Davis, R. J. Mol. 
Med. 74:589-607 1998). 

Three different genes: JNKl , JNK2 and JNK3; encode the JNK femily of enzymes. 
Alternatively spliced forms of these genes can give rise to 10 distinct isofonns: four for 
JNKl,fourforJNK2andtwoforJNK3. (Gupta, S. et al EMBOL 15:2760-2770 1996). 
JNKl and JNK2 are ubiquitously expressed in human tissues whereas JNK3 is selectively 
expressed in Ae brain, heart and testis (Dong, C et aL Science 270: 1-4 1998). 

JNKs 1, 2 and 3 have been selectively knocked out in mice both singularly and in 
combination by both gene deletion and/or transgenic expression of dominant negative 
forms of the kinases (Dong, C. et al Science 282:2092-2095, 1998; Yang, D. et al 
Immunity 9:575-585 1998; Dong, C, et al Nature 405:91-94 2000; Yang, D. et al 
Nature 389:865-870 1997). Mice with tar^ted disruption of die JNK3 gene develop 
normally and are protected from exdtotoxin-induced apoptosis of neurons. This finding 
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suggests that specific inhibitors of JNK 3 could be effective in the treatment of 
neurological disoideis characterized by cell death such as Alzheimer's disease and stroke. 
Mice disn5)ted in either JNK lor 2 also develop normally. Peripheral T cells fiom either 
t)pe of mice can be activated to make IL2, but in both cases, there is a defect in Thl cell 
development luthecaseofJNKl V- mice, this is due to an inability to make gamma 
interfisron (a key cytokine essential for the diffierentiation of Thl ceDs). In contrast, JNK2 

mice produce iatsderon gamma but are unable to respond to the cytokine. Similar 
defects in T cell biology (normal IL2 production but a block in Thl cell differentiation) arc 
seen in T cells disrupted in the MEK7 gene confirming this role for the JNK pathway in T 
cell differentiation (Dong, C, et al Nature 405:91-94 2000). 

JNK also plays a major role in ^x>ptosis of cells (Davis RJ. Cell. 103:239-252, 2000). 
JNK is essential for UV induced apoptosis through the cytochrome C mediated pathway 
(Toumier, C. et al Science 288:870-874 2000). Isdiemia and ischemia coupled witii re- 
perfusion as well as restricted blood flow itself have been shown to be accompanied by 
activation of JNK. Cell death can be prevented with dominant negative forms of JNK 
transfected into cells demonstrating a potential utility for JNK in conditions characterized 
by stress-induced apoptosis. 

Activation of the JNK pathway has been observed in a numb^ of human tumors and 
transformed cell lines Pavis RJ. CeD. 103:239-252, 2000). Indeed, one of the m^or 
targets of JNK, c-jun, was originally identified as an oncogene mdicating the potential of 
this pathway to participate m unregulated cell growth. JNK also regulates phosphorylation 
ofp53 and thus modulates cell cycle progression (Chen T.etal Mol. Carcinogenesis 
15:215-226, 199Q. lohibition of JNK may therefore be beneficial in some human cancers. 

Based on current knowledge JNK signallmg, especially JNK3, has been implicated m areas 
of neurodegenerative diseases such as Alzheimer's disease, Parkinson*s disease, ALS, 
Huntmgton's disease, traumatic brain injury, as well as ischemic and haemorrhaging 
stroke. 



wo 2004/052880 



PCT/SE2003/001911 



3 

Thus there is a hig^ unmet medical need for JNK specific inhibitois useful in treating the 
various conditions associated with JNK activation. 



DISCLOSURE OF THE D^VENTION 

It has been found that conqK>unds of the Fomnda I» whidi axe substituted pyridine 
conqK>unds, are particulariy effective and thereby suitable in the treatmaat of tte various 
conditions. 

Li one aspect, the invention relates to con^unds of the gmeral Formula I 




wheiein: 

is aryl or hetwDaryl, each of which is optionally substituted with one or more of R^, 
0R\ OCOR^ COOR^ COR^ CONR^^ NHCOR^ NRV, NHS02^l^ SOJl\ 
S02NR^^ SR^ CN, halogeno and NO2; 



R^ is R^ R^ COR^COR^ CONHR^ CONHR^ CON(R^ COOR^ COOR^ SOjJR^ or 
SOiR^ 
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and ate each independently hydrogen, alkyl. Cm alkenyl. Cm alkynyl, Cm 
cycloalkyl, (CMcycIoalkyl)Ci-6alkyl, heterocycle. hetorocycleCMalkyl. CMfluoroalkyl, 
Cm trifluoroalkoxyl; 

R^ is aiyl or heteroaryl, each of which is optionally substituted with one or more of R^, 
OR^ OCOR^ C00R\ COR^ CONRV. C0NH0R\ NHC0R\ NR^R^ NHSCbR^ 
SQzR^ SQaNR^R*. SR\ R^SR*. CN, halogeno, oxygen and NO2; 

R^ is hydrogen. Cm alkyl. Cm cycloalkyl, (Cm cycloalkyl)CM alkyl, heterocycle, 
heterocycleCM alkyl, heteroarylCM alkyl, arylCi^ alkyl. Cm alkoxyl, or Cm alkenyl, 
wherein any of Cm alkyl. Cm cycloalkyl, (Cm cycloallcyl)CM alkyl, heterocycle, 
hetMocycleCM alkyl, heteroarylCM alkyl, arylCM alkyl. Cm alkoxyl and Cm alkenyl is 
optionally substituted with one or more A; 

R^ and R^ are each independently hydrogen. Cm alkyl. Cm cycloalkyl, (Cm cycloalkyl)Ci. 
6 alkyl. Cm alkenyl, aryl, hetm)aryl, heteroarylCM all^l, heterocycle, heterocycleCM 
alkyl, aryl. Cm fluoroalkyl and Cm chloroall^l,wherein any of Cm alkyl. Cm cycloalkyl, 
(Cm cycloalkyl)CM alkyl. Cm alkenyl, heteroaryl, heteroarylCM att^l, heterocycle and 
heterocycleCi^ alkyl is optionally substituted witii one or more B; 

R^ and R^^ are each independently hydro^n. Cm all^l. Cm cydoaO^l, (Cm 
cycloalkyl)CM aU^l, Qm alken^ heterocycle, het^ocycleCM alkyl, heteroaryl, 
heteroarylCM alkyl, aryl or arylCM all^l, wherein any of Cm alkyl. Cm cycloalkyl, (Cm 
cycloalkyl)CM alkyl, Cm alkenyl, heterocycle, heterocycleCM alkyl, heteroaryl, 
heteroarylCM alkyl, aryl or arylCM alkyl is optionally substituted with one or more B; 

A is R^ OR', OCOR', COOR^ COR^ C0NRV°, CONHOR^ NHCOR^ NRV°, 
NR'SQzR'^ S02R^ SOzJNRV^ SR^ R'SR^® ,CN or halogeno; 

B is Cm alkyl. Cm alkoxyl. Cm alkylamino, di(CM alkyl)amino or halogeno; 

as a finee base or a salt, solvate or solvate of salt thereof. 



wo 2004/052880 PCT/SE2003/001911 



Listed below aie definitions of various terms used in the specification and claims to 
describe the present invention. 

For the avoidance of doubt it is to be understood that where in this specification a group is 
qualified by *hminbefore defined' or 'defined hereinbefore' the said groiqi encompasses 
the first occurring and broadest definition as well as each and all of the preferred 
definitions for that group. 

For tiie avoidance of doubt it is to be understood that in this specification 'Q^' means a 
carbon group having 1, 2, 3, 4» 5 or 6 carbon atoms. 

In this specification, unless stated otherwise, Ae term "alkyF includes both straight and 
branched chain alkyl groups. Ci,6alkyl may be methyl, ethyl, n-propyl, i-propyl, n-butyl, 
i-butyl, s-butyl, t-butyl, n-pentyl, i-pentyl, t-pentyl, neo-pentyl, and hexyl. 

In this specification, unless stated otherwise, the term "€3^ cydoaUcyr includes a non* 
aromatic, completely saturated cyclic aliphatic hydrocarbon group containing 3 to 8 atoms. 
Bxanq>les of said cycloalkyl mclude, but are not limited to cyclopiopyl, cyclobutyl, 
cyclopentyl and cyclohexyl. 

The tenii ^'alkoxyl" as used hmin, unless stated otherwise includes ^'alkyro groups in 
which ''alkyr is as hereinbefore defined. Q^ealkoxyl may be methoxy, ethoxy, n-propoxy, 

1- propoxy. n-butoxy, i-butoxy, s-butoxy. t-butoxy, n-pentyloxy. i-pentyloxy, t-^>caatyloxy, 
neo-pentyloxy, hexyloxy. trifluoroalkoxyl represents a Cm alkoxyl substituted with 
three fluorine atoms. 

La this specification, unless stated otherwise, the term "alkenyl" includes both straight and 
branched chain alkenyl groups but references to individual alkenyl groups such as 

2- butenyl is specific for the straight chain version only. Unless otherwise stated, the term 
'"alkenyl" advantageously refers to chains with 2 to 5 carbon atoms, preferably 3 to 4 
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caibon atoms. Cz^alkenyl may be ethraiyl, propenyl, 2-methylpropenyl, buteiyl and 2- 
butenyl. 

In this specification, miless stated otherwise, the tenn ''alkynyl" includes both straiglit and 
branched chain allcynyl groups but refeimces to individual alkynyl groups such as 
2-butynyl is specific for the straight chain version only. Unless otherwise stated, the term 
"alkynyr advantageously refers to chains with 2 to 5 carbon atoms, preferably 3 to 4 
caibon atoms. 

In this specification, unless stated otherwise, the term "heterocycle*' includes a 3- tolO- 
membeied non-aromatic partially or completely saturated hydrocarbon group, which 
contains one or two rings and at least one heteroatouL Examples of said het^ocycle 
include, but are not limited to pyrrolidinyl, pyrrolidonyl, pipcridinyl, piperazinyl, 
moipholinyl, oxazolyl, 2-oxazolidonyl, tetrahydropyranyl or tetiahydrofuranyL 

In this specification, unless stated otherwise, the term "aryr may be a C^- Cm aromatic 
hydrocarbon and includes, but is not limited to, benzene, n^hflialene, indene, anthracene, 
phenanthrene. 

In this specification, unless stated otherwise, die term *%et»roaryr' may be amonocyclic 
hetmaromatic, or a bicydic fiised-ring heteroaromadc group. Exa^^)les of said het^aryl 
include, but are not limited to, pyiidyl, pyrrolyl, fuiyl, Odenyl, imidazolyl, oxazolyl, 
isoxazolyl, thiazolyl, thiadiazolyl, pyiazolyl, benzofuryl, 4-oxo4^,6,7-tetrahydro-l- 
benzofiiiyl, indolyl, isoindolyl, benzimidazolyl, 2-oxobenzoxazolyl, pyridazinyl, 
pyrimidinyl, pyrazinyl, tetrazolyl or triazolyl. 

Jn this specification, unless stated otherwise, the term halogeno may be fluor, chlorine, 
bromine or iodine. 

In this specification, unless stated otherwise, the term fluoroalkyl" may be an alkyl 
substituted with one or more fluorine atoms. Examples of said fluoroalkyl include, but are 
not limited to, monofluoromethyl, trifluoromethyl, difluoromethyl and trifluoroethyl. 
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In this specification, unless stated otherwise, the team "Xli^ chloroalkyr may be an alkyl 
substituted with one or moie chlorine atoms. Examples of said chloioalkyl include, but aie 
not limited to, monochloromethyl, trichloromethyl, dichloromethyl and trichloioethyl. 

In one aspect of the present invention, there is provided a compound of formula I, wherein 

is aryl or heteroaryl, optionally substituted with one or more of R^, OR^, NR^\ 
halogeno or NO2; 

R^ is R^ R^ COR^ COR^ CONHR^ CONHR^ COOR*^ or SOaR^ 

R^ and R^ are each independentiy hydrogen, alkyl or Ci^fluoroalkyl; 

R^ is aryl or heteroaryl each of which is optionally substituted with one or more of R'', OR^ 
COOR^ C0R\ CONHOR'', NRV, S02R^ S02iNR^R^ SR^ halogeno, oxygen and NO2; 

R^is hydrogm, C^alkyl, (Cm cycloalkyl)Ci^ alkyl, heterocyde, heterocycleCw alkyl, 
whmin any of Ci^ alkyl, (C^ cycloalkyl)Ci^ alkyl or heterocycle is optionally substituted 
with one or more A; 

R'' and R^ are each independentiy hydrogen. Cm alkyl. Cm cydoalkyl, aryl, heterocycle, 
wherein any of Ci^ alkyl is optionally substituted with one or more B; 

R^ and R*^ are each independentiy hydrogen, or Ci-6 alkyl, wherein any Ci^ alkyl is 
optionally substituted with one or more B; 

A is COOR^ COR^ CONR NHCOR^ NR^^^ SR^ R^SR^*^ , or CN; 
B is halogeno or di(Ci^ alkyl)amino. 
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In another aspect of the present mvention, there is provided a compound of formula I, 
wherein is aryl optionally substituted with one or more of R^ OR^ and NR^^ 

hi one embodiment of this aspect there is provided a compound of formula I, wherein R^ is 
aiyl and said aryl is phenyl. 

hi yet another aspect of the preset mvention, there is provided a compound of fonnula I, 
wherem R^ is selected from Ci^fluoroalkyl, methyl and halogeno. 

In yet another aspect of the present invention, thae is provided a compound of formula I, 
wh»rem R^ is selected from R^ COR^ and CONHR^. 

Iq one embodiment of this aspect there is provided a compound of fonnula I, wherein R^ is 
aryl, optionally substituted with one or more of R'', OR^ COOR^ COR^, CONHOR^, 
NRV, S02R\ S02NR^R^ SR^, halogeno, oxygen and NO2. 

In another embodiment of this aspect there is provided a compound of fonnula I, wherein 
R'' and R* are each independently hydrogen, alkyl. Cm cycloalkyl, aryl, heterocycle, 
wherein Ci-6 alkyl is optionally substituted with one or more B, said B bemg halogeno. 

In yet another aspect of the present invention, tissre is provided a compound of formula I, 
wherem R^is selected from R^, COR^ CONHR* and SOJl^ 

In one embodiment of this aspect there is provided a con4)ound of formula I, wherein R^is 
selected from hydrogen, C^alkyl, (Cm cycloalkyl)Q-6 alkyl, heterocycle, heterocycleC^ 
alkyl, wherem any of Cm alkyl, (Cm cycloalkyl)Ci-6 alkyl and heterocycle is qptionaUy 
substituted with one or more A. 

In another embodhnent of this aspect there is provided a compound of formula I, wherein 
said A is selected fiom COOR^ COR^ CONR NHCOR^ NRV^ SR^ K^SR}^ and 
CN; and R' and R^'^ are each independently hydrogen or Ci-6 alkyl. 
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The present invration relates to the use of conqiounds of fonnula I as heieinbef oie defined 
as well as to the salts th^ieof . Salts for use in pharmaceutical formulations will be 
phannaceuticaUy acceptable salts, but other salts may be useful in the production of the 
compounds of fonnula L Such salts are possible, includes botii phannaceuticaUy 
acceptable add and base addition salts. A suitable pharmaceutically-acceptable salt of a 
compound of Formula I is, for example, an add-addition salt of a compound of Fonnula I 
which is sufficientiy basic, for example an acid-addition salt with an inorganic or organic 
add such as hydrochloric; or, for example a salt of a compound of Formula I which is 
sufficientiy acidic, for example an alkali or alkaline earth metal salt, or a salt with an 
organic base. 

Thus, in another embodiment of the present invration there is provided a conq[X)und of 
formula I in the form of a phannaceuticaUy acceptable salt 

Some compounds of formula I may have chiral centres and/or geometric isomeric centres 
(E- and isomers), and it is to be understood tiiat the invention CTconq>asses all such 
optical, diastereoisomers and geometric ison»s. 

Certain compounds of the present invCTtion may exist as tautom^. It is to be understood 
that tile presrat invention enconrpasses all such tautomexs. 

Specific compounds of Formula I are: 

Ar,^-Bis[4-(trifluoronietiiyl)phenylH,4'-b]pyridin 

i^,Ar-Bis(4-fluorophmylHi4'-bipyridine-2,2'-diamine^ 

A;iV-Bis(3,4-difluorqphenylH>4'-b]pyridine-2,2'-^^ 

^;iV'-Bis[3Ktrifluo^^metflyl)phenylH,4'-bipyridm 

iy;iV-Bis(3-<trifluorometiioxy)phenyl]-4,4*-*ipyridm 

M//'-Bis(2-fluon)phenyl)-4,4*-bipyridine-2,2*-diamine; 

^;iV'-Bis(2-•metilylphenylH,4'-bipyridine>-2,2•Kliamine; 

iV,A^'-Bis(2-amin9phenyl)-4,4*-bipyridine-2,2'-dianQine; 
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iVJV-Bis(2-methoxyphenylH.4'-bipyridine-2;2*-^ 

AW^-Bis(2-^oxyphenylH.4'-bipyridm 

^K2'-aiiilino-4,4'-bipyridin-2-yl)-/niu^ 

iV-(2-aiiilino:4.4-bipyridin-2-yl)-cw 

^-{2-[(4-fluorophenyl)ammo]-4,4*-bipyridm-2-y^ 

cyclohexanecaiboxamide; 

iS^{2'-[(4-fluorophenyl)aimnoH,4'4)ipyridi^^ 

cyclohexanecaiboxamide; 

//K6"methylpyridin-2-yl)-//'-phenyl-4,4*-bipy^ 

^^-phenyl-A^-pyridin-2-yl■4,4•-bipyridine-2;2•-^^ 

iV-{4-[(4^methylpiperazm-l-yl)sulfonyl]phenyl}-^^ 

N-phenyl-N'-pyridin-3-yl-4,4^bipyridine-2^'HJianim 

N-phenyl-N'-pyrimidin-2-yl-4,4*-bipyridme-2^*-^ 

N-phCTyl-N'-pyrimidin-5-yl-4,4-bipyridme-2;2'^ 

(2E>-l-{4-[(2-anilino-4,4'-bipyridin-2-yI)ai^ 

one; 

4-[(2'-anilino-4,4'-bipyridin-2-yl)amino]-N-^^^ 

4-[(2-amlin(>4,4-bipyridin-2-yl)aniino]-NK2-^^ 

N-{4-I(4-ethyIpip€razin-l-yl)siilfonyl]phenyl}-N^^ 

N-phfiaiyl-N'^yridm-4-yl-4,4^bipyridin©-2^'-<iian^ 

N-<2'-4milino-4,4^b]pyridin-2-yl)t^^ 

N-<2-aniIino-4,4-bipyridm-2-yl)-3-piperi^^ 

N-<2'-anilino-4,4-bipyridin-2-yl)tetrahydiof^^ 

N-<2-anilino^»4'4)ipyridin*2-yl)nicodnamide; 

N-(2-anilino-4,4'4>ipyridm-2-ylHKdmie%I^^ 

N<2-anilino-4,4'-bipyridin-2-yl)-2,6-dmethox^ 

N-(2'-anilino-*,4*4)ipyri(lin-2-yl)-lH-mdol^^^ 

N<2-anilino-4,4-bipyridin-2-yl)pyridine-2-c^^ 

N-<2'-anilino-4,4'-bipyridin-2-yl>3-funm 

N-<2-anilino-4,4'-bipyridin-2-yl>i;23-thiadiazole^^^ 

N-<2-anilino^,4-bipyridin-2-yl)isoxazole-5-cai^ 

lJ-<2-anilino-4,4-bipyridin-2-yl)-5-niethyli^ 
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N-<2-aiiilino-4,4*4)ip)ddm-2-yl)p)a^^ 

NK2*-amlino-4,4'4>ipyri(Kn-2-yl>l-in^ 

N-(2*-anilmo-4,4*-bipyridin-2-yl)-2- 

N-(2'-aiiilino-4,4-bipyridin-2-yI)-4-mefl^^ 

N-(2-anilino-4,4-bipyridin-2-yl)-5-biom^^^ 

NK2-anilmo-4,4*4)ipyridm-2-yl>2-<me%lthio)m 

Methyl 4-{[(2'-aiiiIino-4,4*^)ipyridm-2-yl)amm 

3-<acetylanuno>N-(2-aniliQ<>-4,4-bipyri^^ 

NK2-aiiffino-4,4'-bipyridm-2-yl>4-oxo-4,5,6J-^ 

N-(2'-aiiilino-4,4-bipyridm-2-yl)-5-[(pyridm-^^^ 

N-<2-aniIino-4,4'-bipyridm-2-yl)mcotmainide 1-oxide; 

N-(2-aiulino-4,4-bipyridm-2-yl)-3-hydroxypy^ 

N-<2-amlmo^,4-bipyridin-2-yl>6-bromo^ 

N-<2-aniImo-4,4'-bipyridin-2-yl)isomcotin^ 1-oxide; 

N-(2-aiiilmo-4,4-bipyridin-2-yl)-2-hy(koxynic^ 

N-<2-anilino-4,4'-bipyridin-2-yl)-6-hydroxypyridine-2-<^^ 

NK2-aiiilino-4,4-bipyri(iin-2-yl)-3-ben^ 

N-<2-amlino-4,4'-bipyridin-2-yl>6-methylpyri 

N-(2^anilmo-4,4'-bipyridin-2-yl>34-di^ 

N-<2-anilmo-4,4'-4>ipyridm-2-yl)-2-nietfa 

NK2-aiulino-4,4-bipyricim*2-yl)-4-iiie^ 

N-<2-aiul]no-4,4'4>ipyridm*2-yI)-2rcUoroiw 

NK2-aiiilm<>-4,4'-bipyridin-2-yl)-5-in^ 

NK2-anilino-4,4'-bipyridin-2-yl)-3-metbylisox^^ 

NK2-anilino-4,4'-bipyridin-2-yl)-l-methyl-lH-pyTO 

N-(2-anilmo-4,4-bipyridin-2-yl)-2-<:Uoninico 

NK2-aiiilino-4,4'-bipyridm-2-yl)-5^^ 

NK2-aniIino-4,4'-bipyridm-2-yl)-4-cM^ 

N-<2*-aiulmo-4,4'-bipyridm-2-yl>5-meA^^ 

(2B)-N-<2-anilmo-4,4'-bipyridin-2-yl>3-(3-^ 

N-<2*-amlko-4,4'-bipyridin-2-yl)-3K2-ox(>-13-ben^ 

*N'-(2'-anmno-4,4'-bipyri(iin-2-yl>NJ^-<^ 
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N-^-aiiilmo-4.4'-bipyridin-2-yl)-2^^^ 

N-<2'-anilmo-4,4*bipyridm-2-yl>5K>xop^ 

JSr-(2-axulino-4,4-bipyridin-2-yl)-3-ine^ 

N-(2-aniUno-4,4-bipyridin-2-yl)-4-methoxycyclohexane^ 

N'<2-anilino-4,4-bipyridm-2-yl)-3-methoxypro^ 

NK2-aiiflino-4,4-bipyridin-2-yl)tetrahydro^^ 

N-<2'-aiiilmo-4,4'-bipyridin-2-yl)-4-(d^ 

N-<2'-^aiilmo-4,4*-bipyridin-2-yI)niTO 

N-<2*-aiiiIm(>4,4'-bipyridm-2-yl)-4-(di^^ 

NK2**aiiilino^,4'-4)ipyridm-2-yl>2,6-(fi^ 

NK2-aiiilmo-4,4'-bipyridm-2-yl)-lH-mdol^^^ 

N<2-aiiilino-4,4-bipyridin-2-yl)-5-naiethylpyr^ 

N-<2-axiilino-4,4-bipyridin-2-yl)pyridine-2-<:ar^ 

NK2'-anilino-4,4'4)ipyridin-2-yl>3-fu^ 
iVK2-aiiilino-4,4-bipyridto-2-yl)-iV'-^^ 

N-(2-anilino-4,4-bipyridin-2-yl)-N'-phenyluiea; 

N-<2-anilmo-4,4-bipyridin-2-yl)->r-[l-(4-bromoph 

N-(2'-anilmo-4,4-bipyridin-2-yl)-N'-tWen-3-ylure 

N-(2-anilino-4,4-bipyridm-2-yl)-NX2-iiie%lpheny 

N-<2-anilino-4,4-bipyridin-2-yl)-N-(4-methylpte 

N-<2-anilino-4,4 -bipyridin-2-yl)-NH3-fluorpphenyl^ 

N-<2-amlino-4,4-bipyridin-2-yl>NH2-fluorophenyl)u^ 

N-<2-amUno-4,4-bipyridin-2-yl)-N'-<4-fIuon)phenyl)m 

N-(2*~anilm(>-4,4'-bipyridin-2-yl)-N'^^ 

N-<2-amlino-4,4'-bipyridin-2'yl)-N*K3H:yanoph^ 

NK2-aniIino-4,4-bipyridm-2-yl)-N'-<4^yano^^ 

N-(2-aiulino-4,4'-bqiyridin-2*yI)-N*-<2K:^ 

N-(2'-anilino-4,4*-bipyridm-2-yl)-N'-^3H^ 

N-<2*-anilincMl,4*-bipyridm-2-yl)-N'-(23^^ 

NK2-anilino-4,4-bipyridin-2-yl>N*-<^ 

•N-(2*-aiiilmo-4,4'-*ipyridm-2-yl>N'^ 
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N-(2'-aiiilm(>4,4'-bipyridin-2-yl>N'K4-inethoxyphen^^ 

NK2'-anilmo-4,4'-bipyridm-2-yl)-N'<3.inethoxyphenyl)^ 

NK2'-anilino-4,4'-bipyridm-2-yl>N'-<2-inetboxyphenyl 

N-(2'-anilmo-4.4'-bipyridm-2-yl)-N'-<5-fluon)-2-inethyl^^^ 

NK2'-anilino-4.4'-bipyridm-2-yl)-N'K2-fluorobenzyl)ui^ 

N-<2'-anilino-4.4'-bipyridm-2-yl)-N'K2-fluor(>-5Hiiethyl^^ 

N-(2'-anilm(>4,4'-*ipyridm-2-yl>N'-<3-fluorDbenzyl)^ 

N-<2'^milino-4,4'-bipyridm-2-yl>N'<2K:Worophenyl)^ 

N-<2'-aiiilmo^,4'-bipyridm-2-yl)-N'-(3-chlorophenyl)uiBa; 

N-(2'-aniliiio-4,4'-bipyridin-2-yl>N'-(2-chlorobenzyl)urca; 

N-(2'-aiiilm(>4.4'-bq)yridin-2-yI>hr-(24-difluoroph^^^ 

NK2^aiiilmo^,4^bipyridm-2-yl>N'-(2,4<lffluoiDphenyl)uiea; 

N-<2^amlino^,4'-bipyridin-2-yl>N*-(3,4-<licMorDbenzyl)u^ 

N■<4-acetylphenyl)-^^-(2'-aIulm<>4,4'-bipyridin-2-yl)urca; 

N-<3-acetylphenyl)-N'-(2'-anilin(>4,4^bipyridm-2-yl)urca; 

N-<2'-amlino-4,4'-bipyridin-2-yl)-N'-(4-isopropylphenyl)mea; 

N-(2^anilino^,4'-bipyridin-2-yl)-N'-(2-isopropylphenyl)ui^ 

N-<2^aniImo-4.4'-bipyridm-2-yl)-N'-(2-ethyl-6-me^ 

N-(2'-anilino-4,4^bipyridin-2-yl)-N'-mesityhiiBa; 

N-(2'-anilino-4.4'-bipyridi^^.2-yl>N'K2.propylpheI^yI)ure^ 

N<2'-aniIino^,4'4)ipyridiii.2-yl>N'-[4<diinethyl^^ 

N-(2'-anilino^,4'-bipyridiii-2-yl)-N'-13-beiizodioxol-5^^ 

N<2'-aiiamo^.4'^)ipyridm-2.yl>N'K4Hnethoxy-2-in^ 

N-<2^anmn(>4,4'^)ipyridin-2-yI)-N'-(2Hnethoxy-5-m^ 

NK2'-aiulmo-4,4'-bipyriduH2.yl)rN*-<4^xyphenyl)iire^ 

N-<2'-anilmo-4,4'4)ipyridin-2-yl)-N*-<4-iiieaioxybeiizyl)u^ 

NK2'-aiulino-4,4'-bipyridm-2-yl)-N'-<4-mtrophenyl)ui^ 

NK2*-aiiilino-4,4'-*ipyridiii-2-yl>N'-<3-mtrop 

N-a-anilino-4.4'-bipyridm-2-yi)-N'-[3-(methylthio)phenyl]u^ 

NK2'-anilino-4,4'-bipyridia-2-yl)-N'-(4-(inethylthio)phenyl]un^ 

NK2'-aniIino-4,4'-bipyridm-2-yl)-N'-(2-methylbeiizyl)^ 

N-<2'-aiiilin<>-4,4'-bipyri(lm-2-yl)-NH5K;Won)-2-nie%lpheny^ 
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NK2'-aiiilmo-4,4'-*q)yridm-2-yl>N'-<2-cW<wo-5-m^ 

N-(2'-anilmo-4,4'-bipyridin-2-yi>N'-<2-chlorobeiB^ 

NK2•-aIlilmo-4,4•-bipyridil^.2-yl>N•-(3<Wo^o-4-fl1l<^ 

N-<2'-aiiilino-4,4'-bipyridiii-2-yl)-I<r-<23.4-tiif^ 

N-(2'-anilmo-4,4'-UpyridiQ-2-yl)-N'-<4^)ittyIph»iyl)uiea; 

N-<2'-anilino-4,4'-bipyridin-2-yO-N'-^-isQpropyl^i^ 

N•<2'-anilino-4,4'-bipyridm-2-yO-^r•^^tot^>lItylphalyl)uIea; 

Methyl 4-({[(2'-anilmo-4,4'-*ipyridin-2-yl)aiiiino]carbonyl}a^ 

NK2'-anilmo-4,4'-bipyridin-2-yl)-N'-<3,4-dimethoxyphOT 

N-<2'-aiulm(>4,4'-bipyridin-2-yl)-NH3,5-dnnethoxy^ 

N-<2'-amlino-4,4'-*ipyridm-2-yl>N'-<3-chlon>4-methoxy^ 

N-<2-anilin(>4,4'-bipyridin-2-yl>N'-(4-(diflu<Monieftoxy^^ 

N<2^aniUno-4,4'-bipyridm-2-yl>N42-<tiifluoiome%I)phenyl]urea; 

N-(2'-aiiilino-4,4'-bipyridm-2-yl)-N'-[3-(trifluoronieth 

N-(2'-aiiilin<>^,4'^bipyridm-2-yl)-N'-[4-(trifluorom^yl)phenyl]ra 

N-<2'-anilino-4,4'-4)ipyri<im-2-yl)-N'-(2,5HUchlorophenyl)^^ 

N<2'-anilmo-4,4'-bipyridm-2-yl)-NK3^-4icmorophenyl)uiei^ 

N-(2'-amlmo^,4'-bipyridm-2-yl)-N'-<3,4-dichlorophenyl)urea^ 

N-(2'-amlino-4,4'4)ipyridin-2-yI>N'-<2>didilo!rophMyl)m^ 

N-<2-amlmo-4,4'-bipyridm-2^yl)-N'K2,4-didd(m)phmyl)n^ 

NK2'-^nilino-4,4'-bipyridiii-2-yl>N'-(4-bioiiK>-3Hii^ 

N-^'-aiulmo-4,4'-«pyridm-2-yl)-N'-<2,6-dichlon>^ 

N-C2-aiiiIino-4,4'-bipyridm-2-yl)-N'K4-butyl-2-iiiBthylphrayl)^^ 

N-(2'-aiuIino-4.4'-bipyridm-2-yl)-N'-{S-iiiethyl-2-(tiffl^ 

ethyl 3-({ -aiuIlno-4,4'-bipyridin-2-yl)amiiio]caib<myl}aiiii^ 

N-<2'-aiulin(>4.4'-bipyridm-2^yl)-N'-<4-butoxyphrayl)iii^ 

NK2'-^iulm<>-4,4'-bipyridin-2-yl)-N'-<2,Wiis(^ 

N-<2'-anilm(>-4.4'-bipyridm-2-yl)-N'K4-iiiethyIbeiizyl)uie^ 

NK2-anilino-4,4'-4)ipyridm-2-yl>N'-<5-<Aloio-2,4-di^ 

N-<2'-anilmo-4,4'-bipyridm-2-yl)-N'-{4-[(trifhjoron^ 

N-<2-aniImo^,4'-bipyridin-2-yl)-N'-[3^-bis(trmuoromethyl^^^ 

l-acetyl-i\^(2'-anilm(>4,4'-bipyridiii-2-yl)piperi(fin^^ 
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//-(2'-aiulmo^,4'-^ipyridm-2-yl)- 

iV^-acctyl-^-<2'-anmno-4,4'-bipyridi^^ 

A^(2-amIino-4,4'-bipyridin--2-yI)pipe^ 

3- a]iiino-^-(2-aiuImo-4,4-bipyridin^^^ 
^^-(2•-anilmo-4,4'-bipyridm-2-yl)-I^pro^ 
//-(2-aiuImo-4,4'-4>ipyridm-2-yl)aceta]m 
Methyl 2 -aiiiUno-4,4 -bipyridin-2-yIcaibaiiiate; 
//•<2-aiiilm(>-4,4''bipyTidm-2-yl)methanes^ 
AK2-anilino-4,4-bipyridin-2-yl)cycIohexanec^^ 
l-AcetylTWK2-anilino-4,4*-bipyridin-2-yl)piperidm 
l-AcetylTM<2-aniKn6-4,4-bipyridm-2-yl)piperidme-^^ 
Ethyl 4-[(2 -anilin(>-4,4 -blpyridm-2-yl)ainmo]-4K>xo 
iV-(2-anilino-4,4-bipyridm-2-yl)tetiahydro 

(SyS iV2-acetyl-MK2 -anilin(>4,4'-bipyridto-^^ 

JV^(2-anilmo-4,4-bipyridin-2-yl)tetrahydro^ 

Ethyl 3-[(2 -anilino-4,4 -bipyridm-2-yl)aimno]-3"Oxopropanc^ 

^-^2 -anilino-4,4 -bipyridin-2-yl)-3-(methyIthio)pro 

(±)Ar-<2-anmno-4,4-bipyridm-2-yl)-2-pyTO 

(35)-3-ammo-iVK2-aiiilmo-4»4-bipyrid^ 
M-<2'-anilm(>-4,4'-4)ipyridin-2-yl)cyclopiopm 
(55>l-acetyl-iVK2*-amlmo-4.4'-*ip^ 

W^y-aiiilino-4,4'-bipyridm-2-yl)tetrahyd^ (+) and (-); 

^-{2-[(4-fluoiophenyl)animo]-4,4'-bipyridin-2-^^ 
^^{24(4-fluoK>phenyl)aimno]-4,4*-*ipyridm-2-^^ 
Ethyl 4-({24(4-fluoic9hmyl)aimno]-4,4-bipyridin-2-yl^ 

4- ({24(4-FhiorophOTyl)aininoH,4'-*ipyridin-2-yl}a^ add; 
iV^{24(4-fluorophenyl)aimno]-4,4*4>ipyiidin-2-yl}-3^ 
(i5-l-AcetyI-iV^{2-[(4-fluorophenyl)aminoH^^^^ 
(3/J>l-Acetyl-iV^{2*-[(4-fluon)phenyl)ainmo]-4^^^ 

caiboxamide; 

(3iS)-l-acetyl-iV^{2'-[(4-fluorophenyl)ammo]-4,^^^^ 
caiboxamide; 
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1- Acetyl-A'-{24(4-fluorophenyl)aininoH,4-bipy^ 
3-(Aiiiinosulfonyl>Ar-{2-[(4-fluorophen^ 

Ethyl 2-{ [(2 -aiiiImo-4,4 -bipyridin-2-yl)ainino]methyI^ 

2- { [(2 -Aiiilino-4,4 -bipyridin-2-yl)amino]^^ add; 
iV^phrayl-/ir-<tetnihydn>-2i?-pyran-^^ 
iV-phenyl-/^-<tetrahydrofuran-3-ylme%^ 

as a free base or a salt, solvate or solvate of salt theieof. 

The present invention relates to novel pyridine derivatives, which are inhibitors of c-Jun N- 
terminal kinases (JNKs). JNKs have been implicated in mediating a number of disorders. 
The invention relates to methods for producing these inhibitors. The invration also 
provides pharmaceutical compositions comprising the inhibitors of the invention and 
methods of utilizing these compositions in the treatment of various disorders. 

Pharmacratical compositimis 

According to one aspect of the present invention there is provided a pharmaceutical 
composition comprising a compound of formula I, as a firee base or a pharmaceutically 
acceptable salt, solvate or solvate of salt thereof, for use in the prevention and/or treatment 
of conditions associated witii c-Jun N-tenninal kinases (JNKs). 

The composi don may be in a form suitable for oral administration, for example as a tablet, 
for parenteral injection as a sterile solution or suspension. In general the above 
compositions may be prepared in a convrational manner using pharmaceuticany carriers or 
diluents. Suitable daily doses of the compounds of formulal in the treatment of a mammal, 
including man, are approximately 0.01 to 250 mgfkg bocfyweight at peroral administration 
and about 0.001 to 250 mg^g bodywei^t at parrateral administration. The typical daily 
dose of die active ingredients varies within a wide range and wiU depend on various factors 
such as the relevant indication, the route of administration, the age, weight and sex of the 
patient and may be determined by a physician. 



A compound of formula I, or a pharmaceutically acceptable salt, solvate or solvate of a salt 
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thereof, can be used on its own but will usually be administered in the f onn of a 
phannaceutical conqposition in which the fonnula I conqK)und/salt/soIvate (active 
ingredient) is in association with a phannaceutically accqytable diluent or carrier. 
Dependent on flie mode of adntiinistcation, tiie phannaceutical composition may comprise 
firom 0.05 to 99 %w (per cent by weight), for exanq>le from 0. 10 to 50 %w, of active 
ingredient, all percentages by weight being based on total conq>osition. 

A diluent or carrier includes water, aqueous polyethylene glycol, magnesium carbonate, 
magnesium stearate, talc, a sugar (such as lactose), pectin, dextrin, starch, tragacanth, 
microcrystalline cellulose, methyl cellulose, sodium caifooxymethyl cellulose or cocoa 
butter. 

A composition of the invention can be in tabl^ or injectable form. The tablet may 
additionally comprise a disintegrant and/or may be coated (for example with an enteric 
coating or coated with a coating a^ntsuch as hydroxypropyl methylcellulose). 

The invention further provides a process for the preparation of a pharmaceutical 
composition of the invention which conqxrises mixing a compound of fonnula I, or a 
phaimaceutically acceptable salt, solvate or solvate of salt tibereof , a hereinbefore defined, 
with a pharmaceutically acceptable diluent or carrier. 

An example of a pharmaceuticall oonqK>sition of tiie inv«tion is an injectable solution 
containing a compound of the inv^on, or a a pliarmaceutically acc^table salt, solvate or 
solvate of salt thereof, as hereinbefore defined, and sterile water, and, if necessary, either 
sodium hydroxide or hydrochloric add to bring the pH of tiie final composition to about 
pH 5, and optionally a surfactant to aid dissolution. 

Liquid solution comprising a compound of formula I, or a salt thereof, dissolved in water. 
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Solution 


mpAnl 


Compound X 


5.0% w/v 


Pure water 


To 100% 



Medical use 

The conqxiunds of Foimula I have activity as medicaments. In particular flie compounds of 
fonnula I are potent JNK inhibitors and preferred compounds ate selective JNK3 
inhibitors. The present invention provides a compound of Formula I for use as a 
medicament In particular the presrait invention provides a compound of Fonnula I for use 
in the prevention or treatment of conditions associated with JNK activation. 

The present invention provides a method of treating or preventing conditions associated 
with JNK activation comprising the administration of a ther^utically effective amount of 
a compound of Fonnula I to a mammal (particularly a human including a patient) in need 
theceof. 

In a further aspect tiie presrat invention provides the use of a compound of Formula I in 
die manufacture of a medicament for the treatment of conditions associated with JNK 
activation. 

Conditions tiiat may be treated by the compounds of tiiis invention, according to Formula 
I, or a pharmaceutical composition containing tfie same, include any condition associated 
witfi JNK activation. Conditions assodated witii JNK activation inchide but are not limited 
to: 

central or peripheral neurological degenerative disorders mcludmg Alzheimer's disease, 
cognitive disorders, Parkinson's disease, Huntington's disease, amyotrophic lateral 
sclerosis, Frontotemporal dementia Parkmson's Type, Parkinson dementia complex of 
Gaum, HIV dementia, corticobasal degeneration, dementia pugilistica, Down's syndrome, 
postencephelatic parkinsonism, progressive supranuclear palsy. Pick's Disease, Niemann- 
Pick's Disease, epilepsy, a peripheral neuropatiiy, spinal cord injury, head trauma; 
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autoimmune diseases including Multiple Sclerosis, inflammatory bowel disease, Crohn's 
disease, rheumatoid arthritis, asthma, septic shock, transplant rejection; 
cardiovascular diseases including stroke, arterosclerosis, myocardial infarction, myocardial 
reperfusion injury; 

cancer including breast-, colorectal, pancreatic, prostate cancer. 

In addition, INK inhibitors of the instant invention may be capable of inhibiting the 
expression of inducible pro-inflammatory proteins. Therefore other conditions, which may 
be treated by the compounds of this invention, include edema, analgesia, fever and pain, 
such as neuromuscular pain, headache, cancer pain, dental pain and arthritis pain. 

In the context of the present specification, the term "ttier^y " also includes ''prevention'' 
unless there are specific indications to the contrary. The terms ''then^utic" and • 
"therapeutically" should be construed accordingly. 

The term ''condition", unless stated otherwise, means any disorder and disease associated 
witiiJNK activity. 

Non-medical use 

In* addition to their use in therq)eutic medicme, the compounds of formula I or salt thereof, 
are also useful as pharmacological tools in the development and standardisation of in }ntro 
and m vivo test systems for die evaluation of die effects of JNK inhibitor related activity in 
laboratory animals such as cats, dogs, rabbits, monkeys, rats and mice, as part of flie search 
for new therapeutics agents. 
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Methods of preparation 

The compounds of this mvention may be prq>ared by methods known to those skilled in 
the art for analogous compounds, as illustrated by the geneial schemes and procedures 
below and by the preparative exanqples that follow. The starting material compounds are 
commercially available, unless otherwise stated 

Synthetic scheme Method 1: 




wherein R is as described above. 

In Method 1, 2,2'-dichloro-(4,4*)-bipyridme is reacted with an amine with a transition 
metal catalyst such as a palladium catalyst in an ether or hydrocarbon solvent to give a 
N^'-bis-aryl-4,4*-bipyridme-2,2*-diamine. The reaction is carried out at elevated 
temperature such as 120*^0 for an extended time such as 15 hours or in a microwave oven 
at 160^C for a shorter time such as Ih. The reaction is monitored by chromatography until 
conq)ledon. 



Synthetic scheme Method 2: 
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intermediate 



wherein andR^ aie as desciibed above. 

la Method 2. 4.4'-bipyridine-2^'-dianmie is reacted with an arylhalide with a transition 
metal catalyst such as acopper or a palladium catalyst in the presence of a base such as 
sodium tert-butoxide ^palladium) or potassium phosphate (copper) in an ether or 
hydrocarbon solvent to give an N-aryl-4.4*-bipyridine-2,2*-diamine (intermediate). The 
reaction is carried out at room temperature or at an elevated temperature such as 80 to 
100*^C for an extended time such as 15 hours or in a microwave oven at 160^C for a shorter 
time such as Ik The reaction is monitored by chromatogr^hy until completion. After 
purification by chromatogrq)hy the int^mediate is subjected to a second arylation reaction 
to obtain a unsymmetrical N Jf-diaryl-4.4'-bipyridine-2^*-diamme. 

Consequently, ia one aspect of the present invention there is provided a process for die 
prepar^on of a compound of formula la, wherein and R^ are as defined above; 
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comprising the steps: 

reacting 4.4'-bipyridm^2^ •-diamine with an arylhalide (R*-l) and with a transition metal 
catalyst or a palladium catalyst CTd-catalyst^ in the prcsrace of a base in an eth^ or 
hydrocarbon solvent to give a conqK>mid according to Fbnnnla 11; and 

reacting a conqpound of Fdrmula n in a second aiylation reaction with an arylhalide (R^- 
Br) and with a transition metal catalyst or a palladium catalyst ("Pd-catalyst") to obtain a 
compound of formula la. 



Synthetic scheme Method 3: 
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Id Method 3, the intennediate is reacted with a carboxylic add in the pieseace of a peptide 
or amide coiq>ling reagent such as TBTU and HOBt and a base such as » 
diisopropylethylamine in an inc^ solvent such as DMF. The reaction is carried out at 25^C 
for a time of 1 to 8 days to give a carboxamide. Alternatively, the intennediate is reacted 
with a carboxylic acid chloride in an inert solvent such as dichloromethane in the presence 
of a base or in a solvent such as pyridme at 0 to 2S^C for Ih to 12h to give a carboxamide. 
Analogously, carbamates and sulfonamides can be prepared from chlorocarbonates or 
sulfonylchlorides. The reaction is monitored by chromatography. 

Consequently, in another aspect of the present invention there is provided a process for the 
preparation of a compound of formula lb, Ic or Id, wherein and R^ are as defined 
above; 
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comprising the steps: 

reacting 4.4*-bipyridine-2^*-diainine with an arylhalide (R^-I) and with a transition metal 
catalyst or a palladium catalyst CTd-catalysf*) in the presence of a base in an ether or 
hydrocarbon solvent to give a compoimd according to Formula 11; and 

reactmg said conq)ound of Formula n witii a caibox^c add ("R^CCX)H alt R^COOBT) in 
the presence of a anoide coupling reagent and a base in an inert solvent to obtain a 
conqpound according to formula lb; or 

reacting said compound of Formula n with a carboxylic acid chloride ("R^OCOQ alt 
R^CKIOa") in an inert solvent in the presence of a base in a solvent to obtain a compound 
according to formula Ic; or 



reacting said compound of Formula n with a chlorocaibonate or sulfonylchloride 
CR^SOiQ or R^SO^Q'O to obtain a compound accordmg to formula Id. 
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Syntibetic schepie Method 4: 




wherein , and aie as described above. 

hi Method 4, the mtermediate is leacted with a caiboxylic add as in Afethod 3 followed by 
reduction to die amme with a reducing agent such as lithium aluminium hydride or another 
hydride leag^t m a solvent such as TEIF. The reaction is prefisrably carried out at elevated 
temperature such as 6S^C for a time about 12 houis. Altamatively, the intermediate is 
reacted with a carboxaldehyde in the presence of a reducing ag^t such as a borohydride 
leag^t The reaction is canied out at a temperature such as 25°C for a time of about 1^ 
hours. 

Consequentiy, in another aspect of the preset invention tiiere is provided a process for the 
preparation of a conq)OUnd of formula le wherein R\ R^ and R^ are as defined above; 
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le 



comprising the steps: 

reacting 4.4'-bipyridine-2^*-diamine with an arylhalide (R^-I) and with a transition metal 
catalyst or a palladium catalyst CTd-catalysf*) in the presence of a base m an ether or 
hydrocarbon solvent to give a compomid according to Formula 11; and 

reacting said compound of Formula n with a carboxylic acid C'R^COOH alt R^COOH") 
followed by reduction to the amine with aiedudng agent in a solvent to obtain a 
contpound according to formula le; or 

reactmg said compound of Formula n with a carboxaldehyde C'R^CHO alt R^CHO*") in 
the presence of a reducing agent to obtain a compound according to formula le. 
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Synthetic scheme Method 5: 




In Method 5, die mtennediate is reacted witti an isocyanate m a solvent such as dioxane. 
The leacdion is preferably carried out at a t^nperature of 2S^C for a time about 16 hours. 

Consequently, there is provided a process for the preparation of a compound of formula K, 
wherein R\ and are as defined above; 




If 



comprising the steps: 

reacting 4.4Vbipyridme-2,2*-dianune with an arylhalide and with a transition metal 
catalyst or a palladium catalyst (*Td-catalysf 0 in the presence of a base in an ether or 
hydrocarbon solvent to give a compound acconhng to Formula 11; and 
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leacting said compound of Fonnula II with an isocyanate C*R^CO alt R^CO") in a 
solvent, to obtain a compound according to Fonnula If. 

Jn another aspect the present invention provides a process for the preparation of a 
compound of Formula I comprising the reaction of a compound of Formula U: 




wherein is is aryl or heteroaryl each of which is optionally substituted with one or more 
of die foUowing R^ OR^ CX:OR^ COOR^ COR^ CONR^^ NHCOR^ NR^*. 
NHS02R\ S02R^ SQ2NR^\ SR^ CN, halogeno or NO2; 

R^ and R* are each independentiy hydrogen, halogeno, Ci^ alkyl, Ci^ alkyl optionally 
substituted by NR^*, C3-8 cycloalkyl, Cs^ alkrayl, €3^ alkenyl optionally substituted by 
NR^\ (C3^cycloalkyl)Ci^ alkyl, heteiocycle, hettocycleCi^ alkyl, Ci-6fluoioalkyl, or 
alternatively NR^^can form a ring having 3 to 7 atoms, said ring optionally including one 
or more additional hetero atoms being optionally substituted with one or more A; 

A is Ci4 alkyl or halogeno; 

as a firee base or a salt, solvate or solvate of salt thereof. 

Compounds of Formula n may be pr^ared as described in Methods 2 or 3. 

Compounds of Fonnula U are novel, useful intmnediates and are claimed as a further 
•aspect of die pxesent invention. 
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Compounds according to Fonnula n is exeiqplified by, but not lijmited to: 

A^-Phenyl-4,4*-bipyridine-2^*Kiiainine; 

AK4-Huorophenyl)-4,4*-bipyridine-2^*KUamine; 

as a free base or a salt, solvate or solvate of salt thereof. 

WORKING EXAMPLES 

The invention will now be described in more detail with the following exanq)les that aie 
not to be construed as limiting the invention. 

All chemicals and reagrats were used as received fipom siqyplieis. and ^^C nuclear 

magnetic resonance (NMR) spectra w«e recorded on a BRUKER DFX 400 (400 MHz) 

q)ectn>meter using the following solvents and references. 

CDas : NMR TMS (0.0 ppm) and ^^C tile central peak of CDQa (77.0). 

ahOD : NMR 3.31 ppm (central peak) and "C 49.0 ppm (central peak). 

DMSO-^fc *H NMR 2.50 ppm (central peak) and "C 39.51 ppm (central peak). 

Mass spectra (TSP) were recorded on aFinigan MAT SSQ 7000 spectrometer. 

Mass spectra (E[) were recorded on a Finigan MAT SS Q 7 1 0 spectrometer. 

LC-MS were recorded on a Waters Alliance 2790 + ZMD spectrometer equipped with 

software Mass Lynx 3.5. 

Flash column chromatogr^hy was carried out on silica gel 60 (230-400 mesh). 
Example 1 

iV^'-Bis[4-(trffluorom^yl)phenyl]-4,4'-bipyridine-2^'-d^ 

(i) 2-Chlon>-3-iodopyridine 

2^,6,6-tetramethylpiperidine (17 mL, 14 g, 0.1 mol) and 2-chloropyridine (9.5 mL, 1 1.5 g, 
0.1 mol) were consecutively added at «78*'C to n-butyllithium 1.6 M in hexanes (62.5 mL, 
0.1 mol) in 150 mL of tetrahydrofuran. After 2h at -78^C, the mixture was treated with a 
solution of iodine (25.5 g, 0.1 mol) in THF (50 mL) and stirred for 30 mm before being 
partitioned between water (100 mL) and dietiiyl etii^ (3 x 50 mL). The combined organic 
layers were washed with a saturated aqueous solution of sodium thiosulfate (2 x 50 mL), 
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dried over magnesium sulfate, filteied and concentrated under vacuum to affoid a crude 
solid which was purified by flash chiomatogr^hy (heptane/eOiyl acetate 90^0). Yield: 
72% (173 g), yeUow solid. *H NNfR (CDCb): S 8.38 (dd, J = 4.6^.7 Hz, IH). 8.16 (dd. J = 
8.0/1.6 Hz. IH), 6.96 ( dd, J s 8.0/4.6 Hz. IH). "C NMR (CDCI3): 5 154.5, 148.9, 148:8, 
123.2, 94.9. 

MS(EI)in/^240(M+l). 
(ii) 2-Chlon>-4-iodopyridine 

A solution of 2-chloro-3-iodopyridine (12 g, 50 mmol) in 20 mL of THF was slowly added 
to a cold (-78°C) lithium diisopropylamide solution (pr^aied by the additirai of n- 
butyllitfaium 1.6 M (31.25 mL, 50 mmol) in hexanes to a solution of diisopropylamine (7 
mL, 50 mmol) in THF (100 mL). After 3h, water (20 mL) was added to the mixture, which 
was extracted with ether (2 x 100 mL). The organic layws were dried ov« magnesium 
sulfate, filtered and concentrated under vacuum CZO'C) to aflfoid a biown solid, which was 
purified by filtration over silica (efliyl acetate/bq>tane 8/2). Yield: 95% (11.4 g), pale 
yeUow needles. ^H NMR (CDCk): 5 8.07 (d, J= 5.3 Hz, IH), 7.76 (d, J = 1.1 Hz, IH). 7J9 
(dd, J = 5.0 / 1.1 Hz. IH). NMR (CDQa): 5 151.7, 149.6. 133.0. 131.5. 106.6. 
MS(EI)m^240(M+l). 

Cm)2.2*-Dichloio-(4,4*)-bipyridine 

n-BuQrllitfiium 1.6M in hexanes (6.25 mL, 10.0 mmol) was slowly added to a cold (-78°Q 
solution of 2-chloco-4-iodopyridine (4.79 g, 20.0 mmol) in 200 mL of THF. After 20 min at 
-78''C, a solution of trimcthyltin chloride (2.0 g, 10.0 mnool) in 10 mL of THF was added 
dropwise. After 30 min, the ice bath was removed and the mixture was allowed to reach 
room temperature. After Ih. watw (10 mL) was added and the solution was extracted with 
eflier ^ x 50 mL). The organic layers were dried over magnesium sulfate, filtered and 
concentrated under vacuum to afford an orange oil. This crude product was diluted with 
toluene (50 mL) and flushed with nitrogen for 10 min. Then 

tettalds(triphenylphosphine)paIladium (578 mg, 0.5 mmol) was added and the mixture was 
heated at 1 lO'C for 3 days. The mixture was filtered at room temperature and die 
precipitate was washed with water (2 x 20 mL), hq>tane (3 x 30 mL) and dried under 
vacuum to afford a white soHd. Yield: 53 % (1.20 g). ^H NMR (CDQs): 6 8.55 (d. J = 5.1 
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Hz, 2H). 7.57 (d, J = 13 Hz, 2H), 7.45 (dd, J = 5.1/1.3 Hz, 2H). NMR (CDaj): 5 
152.81, 150.71, 147.35, 122.14, 120.21. 
MS (TSP) mh. 225. 227(M+1). 

(iv)^'^^Bis[4-(frifll]o^mle%l)phenyI]•4/l^bipyridme-2;^'•di^^ 
2,2*-pidiloro-(4,4>bipyridiiie (50 mg, 022 mmol), panadium acetate (5.6 mg, 0.022 
mmol), bis[tri-(tert-butyl)phosphine]palladium (12.5 mg, 0.022 mmol), sodium un- 
butoxide (60 mg, 0.61 mmol) and 4-trifluoiomethyIaniline ( 0.3 mL, 2.4 mmol ) were 
flushed in a schlenk tube for 10 min with nitrogen. Then, 1 mL of diy dioxane was added, 
die tube sealed and die nuxture stined at 120°C for 15h. The mixture was then cooled to 
20°C, filtMed and die solid washed wifli ethyl acetate (5 x 10 mL) and water (3x5 mL). 
The organic layers were separated, dried over magnesium sul&te and filtered. Silica gel 
was added to the filtrate, die solvents were evi^rated xxadet vacuum and the cnide product 
purified by flash chromatogr^hy (^yl acetate/heptane 8/2) to affind die title conqmund 
12 mg (19 %) as a yeUow solid. 'H NMR (DMSO-dg): 5 9.72 (s, 2H), 8.36 (d, J = 5.2 Hz, 
2H), 7.93 (d. J = 8.4 Hz. 4H), 7.62 (d, J = 8.5 Hz, 4H), 7.18 (s, 2H). 7.16 (d, J = 5.1 Hz, 
2H). ^'FNMR(DMSO-d«):8-60.09(s,6F). 
MS(TSP)wi475(M+l). 

2,2'-dichIorD-(4,4>bipyridine (50 mg, 0.22 mmol), palladium acetate (5.6 mg, 0.022 mmol), 
bis[tri-(terf-butyl)pho^hine]palladium (12J mg, 0,022 mmol), sodium te/t-butoxide (60 mg, 
0.61 mmol) and 4-fluoroaniline (0.3 mL, 3.1 mmol) were flushed m a Schlenk tube for 10 min 
widi nitrogen. Then, 1 mL of dry dioxane was added, die tube sealed and die mixture stirred 
at 120°C for 15h. The mixture was dien cooled to 20*'C, filtered and die solid washed widi 
ediyl acetate (5 x 10 mL) and water (3x5 mL). The resulting powder was dried under 
vacuum to yield 48 mg (59 %) of die tide compound as a yellow solid. 'H NMR (DMSO-de): 
8 9.46 (s. 2H), 8.23 (d, J = 5.3 Hz. 2H), 7.73 (m. 4H), 7.09 (m. 6H), 6.99 (dd. J = 1.0/5.3 Hz, 
2H). "F NMR (DMSOKlfi): S -123.27 (m, 2F). 
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E»ample3 

Ar^'-Bis(3,4^iiorophaiyO-4,4'-bip]nridine-2;S»-<l^^ 
2^'-didiloio-(4.4')-bipyridine (50 mg, 0:22 mmol), palladium acetate (5.6 mg, 0.022 
mmol), bis[tri-(£er^butyl)pliosphiiie]pa]Iadium (12.5 mg, 0.022 mmol), sodium tert- 
butoxide (60 mg, 0.61 mmol) and 3,4-difluoioaDiliiie (0.5 mL, 4.0 mmol) were flushed in a 
Scbtoik tube for 10 min with nitrogra. Then. 1 mL of dry dioxane was added, the tube 
sealed and die mixture stiired at 120°C for 15h. The mixture was then cooled to 20"'C, 
filtered and Uie solid washed with toluene (5 x 10 mL), water (3x5 mL) and 
dichloromethane (5x2 mL). The resulting powder was dried under vacuum to yield 35 mg 
(66%) of flie title conqwund as a slightly brown solid. *H NMR (DMSO-de): 8 9.71 (s, 2H), 
8.29 (d, J = 5.3 Hz, 2H). 8.07 (ddd, J = 7.8/6.4/L9 Hz, 2H). 7.38-7.28 (m, 4H), 7.12 (s, 2H). 
7.06 (d, J = 5.4 Hz, 2H). ''F NMR (DMSO-de): 5 -138.17 (m. 2F). -149.26 (m, 2F). 
MS(TSP)»i/i411(M+l). 

AyV*-Bfar3-^trifhioromethYnpliMi^-f4».bipyridfaie.2,y. <iiftiniiiA 
2,2'-dichloro-(4,4')-bipytidine (50 mg, 0.22 mmol), palladium acetate (5.6 mg, 0.022 
mmol), bis[tri-(eerr-butyl)phosphine]pa]ladium (12J m& 0.022 mmol), sodfium tert- 
butoxide (60 mg, 0.61 mmol) and 3-trifluorometfaylaniline (0.5 mL, 4.0 mmol) w»e 
flushed in aSddenktube for 10 min with nitrogen. Then, 1 mLof dry dioxane was added, 

the tube sealed and die mixture stined at 120°C for 15h. The mixture was ^n cooled to 
20°C, filtered and the solid washed wifli tolume (5x10 niL), water (3x5 mL) and 
dichloromethane (5x2 mL). The resulting powder was dried undM^ vacuum to yield 80 mg 
(76 %) of the tide compound 'H NMR (DMSOde): 6 9.86 (s. 2H), 8.34 (d, J = 5.3 Hz. 
2H), 8.28 (s, 2H), 7.94 (d, J = 8.3 Hz, 2H), 7.51 (t, J = 8.0 Hz, 2H). 7.21 (d, J = 8.0 Hz, 
2H), 7.19 (s, 2H), 7.10 (dd, J = 5.4/1.5 Hz, 2H). •'^F NMR (DMSO-d«): 5 -61.57 (s, 6F). 
MSCrSP)m/z475(M+l). 

Examples 

iV^^Bis[3Ktrifhioromethozy)pIienyl]-4)4»4>j|pyridine-2;S*-^^ 
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2,2'-dichloio-(4,4>bipyridme (22.5 mg, 0.10 mmol), palladium acetate (3.0 mg, 0.013 
nunol), bis[tri-(ierr-butyI)phosphme]paIladium (7.0S mg, 0.013 mmolX sodimn tert- 
butoxide (36 mg, 0.375 mmol) and 3-trifluoiomethoxylaiiilme (0.5 mL, 3.1 mmol) were 
flushed in a ScUenkmbe for 10 min with nitrogm. Then, 1 mLof dry dioxane was added, 
the tube sealed and the mixture stirred at 120°C for 15h. The mixture was then cooled to 
20''C, filtCTed and the solid washed with toluene (5 x 10 mL), water (3x5 mL) and 
dichloromethane (5x2 mL). The resulting powder was dried under vacuum to yield 35 mg 
(70 %) of the title compound. *H NMR (DMSOds): 5 9.75 (s, 2H), 8.34 (d, J = 5.3 Hz, 
2H), 8.01 (s, 2H), 7.60 (d, J = 7.9 Hz, 2H), 7.38 (t, J = 8.3 Hz, 2H), 7.17 (s, 2H). 7.11 (d, J 
= 5.3 Hz, 2H), 6.86 (d, J = 8.0 Hz, 2H). NMR (DMSO-dfi): 6 -56.80 (s, 6F). 
MS (TSP) m/z 507 (M+1). 

Example 6 

iV^^Bis(2-flaorDphenyI)-4^'-bipy^ 

2,2'-dichloro-(4,4*)-bipyiidine (22.5 mg, 0.10 mmol), paUadium acetate (3.0 mg, 0.013 
mmol), bis[tii<<r6/t4>utyl)pho8plune]palladium (7.05 mg, 0.013 mmol), sodium tert- 
butoxide (36 mg, 0.375 mmol) and 2-fluorolaniline (0.5 mL, 5.2 mmol) v/ese flushed m a 
Schlenk tube for 10 min with nitrogm. Then, 1 mL of dry dioxane was added, the tube 
sealed and the mixture stined at 120''C for 1 5h. The mixture was then cooled to 20'*C, 
filtered and die solid washed witb water (3x5 mL) and ediyl acetate (5x2 mL). The 
organic layer was dried ov^ magnesium sulfate, filtered and concentrated under vacuum to 
afford a brown solid which was purified by flash chromatogr^hy (heptane/ethyl acetate 
7/3) to yield 19 mg (50 %) of the tide compound. 'H NMR (CDQa): 6 8.32 (d, J = 5.1 Hz. 
2H), 8,05 (t, J = 8.1 Hz, 2H), 7.17-7.12 (m, 4H), 7.04-6.96 (m, 6H), 6.73 (bs, 2H), 
NMR (CDQa): 5 -130.25 (m, 2F). ^^C NMR (CDQa): 5 155.93, 153.54 (d, J = 243.7 Hz), 
148.99, 148.01. 128.60 (d, J = 10.5 Hz). 124.47 (d, J = 3.6 Hz), 122.84 (d, J = 7.4 Hz), 
121.10. 115.40(d, J= 19.5 Hz), 113.66, 106.96. 
MS (TSP) m/z 375 (M+1). 

Bbcample? 

iV^'-Bis(2-methylph6nyl)-4/l'-bipyridiiie-2;2^^ 
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2^'-dicliloro-(4,4')-bipyridme (22 J mg, 0.10 mmol), palladium acetate (J.0 mg, 0.013 
mmol), bis[tri-<terr-biityl)phosphine]palladiuin (7.05 0.013 mmol), sodium tert- 
butoxide (36 mg, 0.375 mmol) and 2-4Dediylaniline (0 J mL, 4.0 mmol ) were fluked in a 
Scbloik tube for 10 min with nitrogen. Then, 1 mL of diy dioxane was added, the tube 
sealed and die mixture sdned at 120''C for 15b. The mixture was then cooled to 20°C, 
fat«»d and Ae solid washed widi water (3x5 mL) and ^yl acetate (5x2 mL). The 
organic layer was dried over magnesium sulfate, fQtered and concentrated imder vacuum to 
afford a htowa solid which was purified by flash chromatogn^hy (heptane/ethyl acetate 
1/1) to yield the title compound. 'H NMR (DMSO-de): 6 8.31 (s, 2H), 8.14 (d, J = 5.3 Hz, 
2H), 7.60 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 7.4 Hz, 2H), 7. 15 (t, J =7.4 Hz, 2H), 6.99 (t, J = 
7.6 Hz, 2H), 6.95 (s, 2H), 6.91 (d. J = 53 Hz, 2H). 1.98 (s, 6H). 
MS(TSP)»«/«367(m+l). 

iV^'-Bis(2-aminopliaq1)-4^^bipyridine-%2*-diamiiie 

2,2'-dichloro-(4,4'>-bipyridine (50 nag, 0.22 mmol), palladium acetate (5.6 mg, 0.022 
mmol), bis[tri-(te/t-butyl)phosphine]palladium (12.5 mg, 0.022 nunol), sodium tert- 
butoxide (60 mg, 0.61 mmol) and 2-aminoaniline (144 mg, 133 nunol) wrae flushed in a 
Schlenk tube for 10 min with nitrograi. Then, 1 niL of dry dioxane was added, die tube 
sealed and die mixture stirred at 120°C fw 15h. The mixture was thai cooled to 20°C, 
filtered and die solid washed with ^yl acetate (5 x 10 mL), medianol ^ x 5 mL) and water 
(5x2 mL). Hie organic layer was dried over magneshim sulfate, filtered and concentrated 
under vacuum to afford a brown solid which was purified by flash chromatogn^hy 
Qieptane/ediyl acetate 1/1) to yield 27 mg (33 %) of die title compound. 'H NMR (MeOD- 
d4): 5 8.05 (d, J = 5.4 Hz, 2H). 7.13 (dd, J = 7.7/1.2 Hz, 2H), 7.04 (td, J = 8.1/1.5 Hz. 2H). 
6.88 (d, J = 1.2 Hz. 2H). 6.87 (dd, J = 32/1.5 Hz, 2H), 6.72 (td, J = 7.7/1.5 Hz, 2H), 6.69 (s. 
2H). "CNMR(MeOD-d4): 5 160.05, 149.75, 149.44, 144.75, 128.M, 127.93, 12727, 
119.78, 118.02, 112.81, 107.20. 
MSCrSP)OT/2 369(M+l). 

Example 9 

iV^'-Bis(2-mefiioxypheny])4^*4)ipyridiiie>2^'-diamiiie 
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2^'-dichlor(>-(4,4')-bipyridme (50 mg, 0.22 mmol), panadium acetate (5.6 mg, 0.022 mmol). 
bis[tri-(te7t-butyl)phosphme]palladium (12.5 mg, 0.022 mmol), sodium tert-butoxide (60 mg, 
0.61 mmol) and 2-mdlio;^aiiiIm6 {05 mL, 4.4 mmol) were flushed in a Scblenk tube for 10 
min with nitrogen. Then, 1 mL of dry dioxane was added, the tube sealed and die mixture 
stined at 1200C for 15h. The mixture was then cooled to 20T, filtered and fbt solid washed 
with ethyl achate (5 x 10 mL), methanol (3x5 mL) and water (5x2 mL). The organic layer 
was dried over magnesium sulfate, filtered and concentrated under vacuum to aJBford a brown 
. solid whidi was purified by flash chromatogr^hy (heptane/ethyl acetate 8/2) to yield 40 mg 
(46 %) of the tide compound. 'H NMR (DMSO-d*): 8 8.29-8.25 (m, 4H), 8.22 (d, J = 5.7 Hz.. 
2H). 7.35 (m, 2H). 7.02-7.01 (m, 4H), 6.96-6.88 (m, 4H), 3.85 (s, 6H). 
MSCrSP)»i/z399(M+l). 

Example 10 

iV^'-Bis(2-ethoxyph«ayI)-4,4*-bipyridme-2,2'<iiamme 

2,2*-dichloro-(4,4')-bipyridine (50 mg, 0.22 minol), palladium acetate (5.6 mg, 0.022 
mmol), bis[tri-(feft-butyl)phosphine]palladium (12.5 nog, 0.022 mmol), sodium tert- 
butoxide (60 mg. 0.61 mmol) and 2-^or/aniline (OJ mL, 3.3 nunoQ were flushed in a 
Sdilenk tube for 10 min with nitrogen. Thai, 1 mL of dry dioxane was added, the tube 
sealed and the mixture stined at 120'>C for 15h. The mixture was then cooled to 20*>C, 
filtered and the solid washed wifli ethyl acetate (5 x 10 tnL), medianol (3x5 mL) and water 
(5x2 mL). The organic layer was dried over magnesmm sulfiite, filtoed and concentrated 
under vacuum to afford a brown solid which was purified by flash chromatogr^hy 
(hq)tane/ettiyl acetate 8/2) to yield 35 mg (37 %) of the tide confound. *H NMR (DMSO- 
dfi): 8 8.22 (d, J = 4.9 Hz. 2H), 8.21 (m, 2H), 8.12 (s, 2H), 7.32 (s. 2H), 7.03 (dd, J = 5.4/1.2 
Hz, 2H). 7.00 (dd, J = 7.9/1.9 Hz, 2H), 6.94-6.87 (m. 4H), 4.10 (q, J = 7.0 Hz. 4H), 1.36 (t, 
J = 7.0 Hz, 6H). 
MS (TSP) m/z 427 (M+1). 

Example 11 

iV-Phenyl-4,4'-bipyridine-2;2'<diamine 

4,4'-bipyridine-2,2'-diamine (described in J.Org.ChMn. 1997 vol. 62 p. 2774-2781) (744 
mg, 4.0 mmol), iodobmzene (0.448 mL, 4.0 mmol). 
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tris(dibaizyUdeiieacetone)dipaUadhim(OHbIorofQm addnct P08 mg, 0.2 mmol), 1,1'- 
bis(diphatylph08phiiu>)feiioceiie ^ mg, 0.4 mmol) and sodium te/t-butoxide (538 mg, 
5.6 mmol) were flushed under nitro^ for 20 min. in a 100 mL round bottom flask. Then, 
20 mL of dry DMF were added and the mixture stirred at lOO'C for 15h. The mixture was 
cooled down to room tenq)eratnrB, filtered over a celite pad, silica gel was added to the 
filtrate and the solvoit was evsqiorated under vacuum. The crude product was purified by 
flash chromatography (^yl acetate/melhanol/triethylamine 94/3/3) to yield 277 mg (26 %) 
of the title compound. *H NMR (DMSO-de): 5 9.16 (s, IH), 8.22 (d, J = 5.3 Hz, IH), 8.01 
(d, J = 5.3 Hz, IH), 7.68 (d, J = 7.9 Hz, 2H), 7.26 (t, J = 8.1 Hz, 2H), 7.03 (s, IH), 6.94 (dd. 
J = 5.1/0.9 Hz, IH), 6.89 (t, J = 7.3 Hz. IH), 6.73 (dd, J = 5.1/1.1 Hz, IH). 6.68 (s, IH), 
6.10 (s, 2H). NMR (DMSO-ds): 6 160.94. 157.00, 149.23. 148.60, 147.29. 146.65, 
141.94, 129.04, 120.99, 118.54, 112.22, 109.86, 108.00, 105.23. 
MS(TSP)/fi/fc263(M+l). 

A'<4-Fluorophenyl)-4/t'-b9yridiiie-2^'-diamme : 

4,4'-bipyridine-2,2'-diamine (187 mg, 1.0 mmol), 4-fiumoiodobenzene (222 mg, 1.0 
mmol), coppo: iodide (10 mg, 0.05 mmol), potassium i^iosphate (425 mg, 2.0 mmol). 
ethylene glycol (11 1 pL, 2.0 mmol), 2-propanol (1.0 mL) and dry dimethylfonnamide (1.0 
mL) were fludied in a soew-cqiped test tube for 10 mm widi nitrogra. The Oibe was sealed 
and put into the microwave oven at 160»C fi»r Ih. Watar (5 mL) was added and the mixture 
was extracted with efliyl acetate (4x5 mL). The organic layers were dried ovw magnesium 
sulfate, filtered and concratrated undo: vacuum to afford a brown solid which was purified 
by flash duomatogr^hy (ethyl acetateAnedianol/ttiediylamine 94/3/3) to yield 98 mg (35 
%) of the tide compound. *H NMR (DMSO-dfi): 8 9.17 (s, IH), 8.20 (d, J = 5.3 Hz, IH), 
8.00 (d, J = 5.3 Hz, IH), 7.70-7.68 (m, IH), 7.1 1 (t, J = 8.8 Hz, 2H). 7.08 (s. IH), 6.95 (dd, 
J = 5.3/1.4 Hz. IH), 6.74 (dd, J = 5JJ/1.5 Hz, IH), 6.08 (s. 2H). ''F NMR (DMSO-d^): 8 - 
123.25 (m, IF). 
MS(TSP)m/z281(M+l). 

R«iiiiplp l-^ 

iV-(2'-anilino-4^'-bipyiidhi-2-]rl)-4rtuur-44nedio:grqrdoli^^ 
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Ethyldiisopropylamine (129 mg, 1.0 mmol) was slowly added to a solution of N,N,N',N''' 
tBtrametfiyl-<>-(benzotriazol-l-yl)uiomu^ tetrafluoioborate (241 mg, 0.75 mmol), 
hydroxybenzotriazole (101 mg, 0.7S mmol) and 4-methoxycylohexanecarboxylic acid (78 
mg, 0.5 mmol) in 3 mL of acetonitrile raider mtcogen at 20 ^'C After 5min, this solution 
was added to a solution of iV-phenyl-4,4'-bipyiidine-2,2*-diamine (13 1 mg, 0.5 mmol) in 2 
mL of dimediylformamide under nitrogen. After 4 days of stirring, the reaction was 
quenched with a saturated aqueous solution of sodium hydrogracarbonate (5mL). The 
aqueous layer was extracted with dichloromethane. The organic layers were dried over 
magnesium sulfate, die solvent removed under reduced pressure to afford a crude product, 
which was purified by reversed phase chromatography to yield 6 mg of the title comporaid. 

NMR (GDQs): 6 8.51 (s, IH), 8.32 (s, IH), 831 (d, J = 4.9 Hz, IH), 8.28 (d, J = 5.0 Hz, 
IH). 7.42-734 (m, 4H), 7.23 (dd, J = 1.6/5.1 Hz, IH), 7.10 (m, 2H). 7.01 (dd, J = L5/5.2 
Hz, IH), 6.89 (s, IH), 3.38 (s, 3H), 3.19 (m, IH), 2.29 (m. IH), 2.20-1.89 (m, 3H), 1.75 (m, 
IH), 1.64 (m, 2H), 1.30 (m, 2H). 
MS(TSP)m/z403(M+l). 

E^Kamole 14 

A^2'-aiiilino-4,4'-bipyridm-2-y0<»*^ 

Ethyldiisopropylamine (129 mg, 1.0 mmol) was slowly added to a solution of N,N,N',N'- 
tetramethyl-o-(benzotiiazoM-yl)unmium tetrafluoroborate (241 mg, 0.75 mmol), 
hydroxyb»zotriazole (101 mg, 0.75 mmol) and 4-medioxycyIohexanecaiboxylic acid (78 
mg, 0.5 nunol) in 3 mL of acetonitnle under nitrogen at 20 After 5mm, this solution 
was added to a solution of Ar-phenyl-4,4'-bipyridine-2,2'-diamine (131 mg, 0.5 mmol) in 2 
mL of dimethylformamide under nitrogen. After 4 days of stirring, die reaction was 
qumiched with a saturated aqueous solution of sodium hydrogencarbonate (5mL). The 
aqueous layer was extracted witfi dichloromethane. The organic layers were dried over 
magnesium sulfate, the solvent removed under reduced pressure to afford a crade product, 
which was purified by reversed phase chromatography to yield 8 mg of the tide compound. 
^H NMR (CDQs): 6 8.53 (s, IH), 831 (d, J = 5.1 Hz, IH), 8.28 (d, J = 5.2 Hz, IH), 8.19 (s, 
IH), 7.42-7.34 (m, 4H), 7.21 (dd, J = 1.5/5.2 Hz, IH), 7.10 (m, 2H), 7.01 (dd, J = 1.3/5.2 
Hz, IH), 6.84 (s, IH), 3.49 (m, IH), 333 (s, 3H), 237 (IH), 2.05-1.89 (m, 4H), 1.80-1.76 
(m,2H), 1.55-1.47 (m,2H). 
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MSCrSP)in/i403(M+l). 

A'-^2^[(4-fIuoropIieiiyl)amino]-4^^b]pyi^ 
q^ohexanecarboxamide 

Oxalyl chloride (171 mg, 135 mmol) was slowly added to a solution of 4-methoxy- 
cylohexanecaiboxyUc add (70 mg, 0.45 mmol) in 2 mL of dichloromethane under nitrogen 
at 20 °C. AStBT 30 min of stirring, the mixture was concentrated under vacuum to afford a 
cdoriess oU which was diluted in 1.0 mL of dichloromethane. This solution was then added 
to asotation of AK2-fluorophenyl-4,4'-bipyridine-2,2*-diamine (127 mg, 0.45 nmiol) in 5 
mL of pyridine. After 5 min of stirring, 5 mL of a saturated aqueous solution of sodium 
hydrogencarbonate was added and the aqueous layer extracted with dichloromethane. The 
organic layers were dried with magnesium sulfate, filtered and concentrated under reduced 
pressure to afford a crude product, which was purified by reversed phase chromatogt^hy 
to yield 10 mg of the title compound. *H NMR (ajQa): 6 8.49 (s, IH), 8.32 (d, J = 5.3 Hz. 
IH). 8.27(d, J = 5.2 Hz. IH), 8. 17 (s, IH). 7.40-736 (m. 2H). 7.21 (dd, J = 1 .5/5.2 Hz. IH), 
7.08 (m. 2H). 7.00 (dd, J = 1.4/53 Hz. IH). 6.94 (s. IH). 6.66 (s. IH). 3.39 (s. 3H). 3.20 
(m. IH). 230-2.06 (m. 5H). 1.64 (m. 2H). 1.30 (m. 2H). •»F NMR (CDCI3): 8 -1 19.48 (m. 
IF). 

MS(ES)/n^421(M+l). 
Example 16 

iV-{2'-[(4-jaiiorophenyl)aiiijno]-4,4'-bipyridm-2-yl}<iir 
cyclohexanecarbaxamide 

Oxalyl chloride (171 mg, 1.35 mmol) was slowly added to a solution of 4-methoxy- 
cylohexanecaiboxylic add (70 mg. 0.45 mmol) in 2 mL of dichloromethane under nitrogen 
at 20 °C After 30 min of stirring, the mixture was concentrated under vacuum to afford a 
colorless oil which was diluted in 1.0 mL of didiloromethane. This solution was tiien added 
to a solution of iV-(2-fluorophenyl-4.4'-bipyridine-2,2'-diamine (127 mg, 0.45 mmol) in 5 
mL of pyridine. After 5 min of stirring, 5 mL of a saturated aqueous solution of sodium 
hydrogencarbonate was added and the aqueous layw extracted with dichloromethane. The 
organic layers were dried with magnesium sulfate, filtered and concentrated under reduced 
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piessuie to afford a crude product, which was purified by reversed phase chromatog^hy 
to yield 17 mg of the title compound. ^HNMR (CDCls): 8 8.52 (d, J = 0.8 Hz, IH), 8.31 (d, 
J = 52 Hz, IH), 8.27 (s, IH), 8.26 (d, J = 5.5 Hz, IH), 7.40-7.37 (m, 2H), 7.19 (dd, J = 
1.6/5.2 Hz, IH), 7.08 (m, 2H), 6.98 (dd, J = 1.5/5.3 Hz, IH), 6.95 (s, IH), 6.85 (s, IH), 3.48 
(m, IH), 333 (s, 3H), 2.38 (m. IH), 2.05-1.93 (m, 4H), 1.77 (m, 2H), 1.51 (m, 2H). 
NMR (CDQa): 5 -1 19.91 (m, IF). 
A4S(ES)in/i421(M+l). 

Example 17 

A^-(6-metfaylpyridin-2-yI)-iV*-phmyl-4^4'-b9yri^ 
To a mixture of (N-phenyl-4,4 -bipyridine-2,2'-diamine (53 mg, 0.20 mmol), 
tris(dibenzylideneacetone)dipaUadium(0) (9.2 mg, 0.01 mmol), 1.1'- 
bis(diph©Qylphosphino)fOTocene (1 1 mg. 0.02 mmol) and sodium t^/t-butoxide (14.4 mg, 
0.15 mmol) in 2 ml dry dioxane und^ nitrog^ was added 2-bromo-6-methylpyiidine (34.5 
mg, 0.20 mmol). The mixure was stirred under argon for 14 h at 1 00 ""C, filtered, evs^rated 
under reduced pressure, and chromatogn^hed on silica in isooctane:ethyl abetate 1:1. 
Appropriate fractions were combined and concentrated to dryness to yield 40 mg (56 %) of 
the title compound as a pale syrup. 'H NMR (CDQa) 8 8.27 (d, J=^.4 Hz, 2H), 7.98 (s, IH, 
NH), 7.87 (s, IH), 7.47 (t. J=7.7 Hz, IH), 7.34 (s, 2H), 7.33 (d, J=1.5 Hz, 2H), 731 (s, IH, 
NH), 7.28 (d. 8.2 Hz, IH), 7.10 (s, IH), 7.06 (m, IH), 6.95 (ddd, J=1.6/ 5.3/ 9.65, 2H), 6.70 
(d.7JHz, lH),2.40(s.3H). 

HPLC-MS (Waters Exterra C8-coIumn, 8.6 min gradient of 0-100% methanol containmg 
0.1% trifluoroacetic acid. UV-diode array detector, CLND and MSI>-BSI detection) shows 
a single compound with m/z 354 0^+1). C22H19N5, MW=353.4. 

Example 18 

Ar.phenyI-iV'-pyridin-2-yM/t^bipyrid]ne-2;S'-diaD^ 
To a mixture of (N-phenyl-4,4'-bipyridine-2,2*-diamine (27 mg, 0.10 mmol), 
tris(dibenzylideneacetone)dipalladium(0) (9.2 mg, 0.01 mmol), 1.1*- 
bis(diphenylphosphino)ferrocene (11 mg, 0.02 mmol) and sodium t«t-butoxide (14.4 mg, 
0.15 nmiol) in 2 ml dry dioxane under nitrogen was added 2-bromopyridine (15.8 mg, 0.10 
minol). The mixure was stirred und^ argon for 14 h at 95 filtered, evaporated under 
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reduced pressure, and chromatographed on C8-silica using an automaied preparative 
HPLC system (Waters 2767/2525) with a gradient of 35% - 100% acetonitrile in 0.05M 
aqueous ammonium acetate. Appropriate fractions were combined and concentrated to 
dryness to yield 2 mg (6 %) of the title compound 

HPLC-MS (Waters Bxterra CS-column, 8.6 min gradient of 0-100% methanol contaimng 
0.1% trifluoroacetic acid. UV-diode array detector, CLND and MSD-ESI detection) shows 
a single compound with m/z 340 (M+1). CaiH17N5, MWs339.4 

E3camplel9 

iV-^4-[(4-methylpiperazin-l-yl)sulfonyl]phmyl}-i^ 
diamine 

To a mixture of (N-phenyM,4'-bipyridine-2^'-4ianiine(27mg,0.10mmol), 
tris(dibenzylideneacetone)dipalladium(0) (9.2 mg, 0.01 mmol), 1.1*- 
bis(diphenylphosphino)ferrocene (1 1 mg, 0.02 mmol) and sodium tert-butoxide (14.4 mg, 
0.15 mmol) in 2 ml dry dioxane under nitrogen was added l-[(4-bromophenyl)sulfonyl]-4- 
methylpiperazine (32 mg, 0.10 mmol). The mixuie was stined under argon for 16 h at 95 
**C, filtered, evirated under reduced pressure, and chromatogrs^hed on C8-silica (Waters 
XTerra MS C8, 19x300mm, 7um) using an automated preparative HPLC system (Gilson 
autopreparative HPLC, diode array detection) with a gradirat of 20% - 60% acetonitrile in 
0. 1 M aqueous ammonium acetate for 1 3 miimtes at 20m]/niin. .^^>propriate firactions were 
combined and concentrated to dryness to yield 26.6 mg (53 %) of the title compound. The 
material was dissolved m methanol and IM hydrochloric acid (0.5 mL) was added. The 
solution was evaporated to dryness, dissolved in watrar and freeze dried. *H NMR (D2O) 5 
7.86 - 6.80 (15H), 3.65 (d, J = 12.0 Hz, 2H); 338 (d, 2H), 3.02 (m, 2H), 2.69 (s, 3H), 2.59 
(m,2H). 

HPLC-MS (Waters Extern C8-colunm, 8.6 min gradient of 0-100% methanol containing 
0.1% trifluoroacetic add. UV-diode array detector, CLND and MSD-ESI detection) shows 
a single compound with m/z 501 (M+1). C27H28N6Q2S, MW=5500.6. 

Examples 20-27 
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Compounds 20-27 were prepared according to the procedure set forth in Example 19, using 
the appropriate bromoaryl or bromoheteroaryl dravative and //-phenyl-4,4'-bipyridine- 
2,2'-diamine prepared as described in example 1 1 . 



Example 


Name 


MW 


Found m/z 


Yield 


20 


N-phenyl-N'-pyridirH3-yl-4,4'-blpyridlne-2,2'- 

diamine 


339.4 


340 


Q ^ mn 


21 


N-phenyl-N'-pyrimidirb2-yM.4*4)ipyridine-2,2'- 

diamine 


340.4 


341 


14.0 mg 


22 


N-phenyl-N'-pyrlmldln-5-yl-4,4'4)lpyridlne-2^^^ 
diamine 


340.4 


341 


6.1 mg 


23 


(2E)-1-{4i(2*-anllino-4,4'-bipyrfdiiv2- 

y1)amino]phenyi}-3-(dimethyiamino)prop>2-erh1- 

one 


435.5 


436 


10.8 mg 


24 


4i(2'-anilino-4,4^blpyridli>2-yl)amino]-N.(2- 
pyrrolidin-l-ylethyObenzenesuifonamide 


514.7 


515 


31.1 mg 


25 


4-[(2-anilino-4,4*-bipyridiiv2-yl)amino]-N-(2- 
morphoiin-4-ytethyl)benzenesulfonamide 


530.7 


531 


15.3 mg 


26 


N^4-[(4^thylpiperazin-1-yOsulfonyl]phenyl)-N'- 
phenyl-4,4'-bipyridlne-2,2*-diamine 


514,7 


515 


17,8 mg 


27 


Ni)henyl-N'-pyrUin-4-yM,4'-blpyridin^ 
dteimine 


339.4 


340 


4.0 mg 



Example 28 

N-(2'-aiulino-4»4'-bipyridin*2-y0tetrahydro 

Tetrahydrofuran-3-caiboxylic acid (1 L6 mg, 0.1 mmol) was dissolved in dichloromethane 
(0.5 ml) under nittogqn. Etimetfaylformamide (50 oL) is added. Qxalyl chloride (43 uL, 0.5 
mmol) was dissolved in dichloromethane (0.5 ml) and added dropwise to the carboxylic acid. 
After 10 minutes of stirring the solution was evaporated to dryness, dissolved in 
dichloromethane (1 ml), and evirated again to dryness. Pyridine (2 mL) was added, 
followed by iV^phenyl-4,4'-bipyridine-2,2'-diamine (26 mg, 0.1 mmol) in dry 
tetrahydrofiirane (0.5 mL). The mixture was stirred 16 h at room temperature. HPLC-MS 
(Watm Bxterra C8-column, 8.6 min gradient of 0-100% methanol containing 0.1% 
trifluoroacetic acid. UV-diode array detector, (XND and MSD-ESI detection) shows a single 
compound with m/z 361 (M+1). C21H20N4O2, MW=360.4. NMR (CD3OD): 5 1051 (s. 
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IH), 8.86 (s. IH), 8.40 (s. IH). 8.31 (d, J = 5.2 Hz, IH). 7,95 (d, J = 6.5 Hz, IH), 7,45-7.00 
(m. 8H), 4.01-3.90 (m. 3H). 3.77 (m, IH), 3,15 (m. IH), 2.20 (m, 2H). 

N-(2'-aiiiIiao-4/t*-bipyridin-2-y^ 

3-Kperidin-l-ylpropanoic acid (15.7 mg, 0.1 mmol) is weighed into a 5 ml glass tube. 
Dichlorom^hane (1 mL) is added followed by dimethylfonnamiderdichloroniethane (1:10, 50 
uL). Qxalyl cWoiide (43 uL, 0.5 mmol) diluted with dichloiomefliane (60 uL) is added. The 
mixture is agitated at room temperature under argon for 2 hours, or until bubbling has ceased 
and a homogenous solution is obtained Then 250 uL of this solution (conesponding to 0.02 
mmol carboxylic acid) is transferred to a 1 mL polystyrrae tube io a 96 -well format box and 
evaporated to dryness under a stream of heated nitrogen (3 minutes, 35°Q. The remaining 
syrup is dissolved in dichloromethane (100 uL), and iNr-phenyl-4,4*-bipyridine-2,2*-diamine 
(5.2 mg, 0.02 mmol) in pyridine (300 uL) is added. The well is c^ped and agitated on an 
orbital shaker for 16 hours at room temperature md&r nitrogen. The solution is evaporated to 
dryness under a stream of heated nitrogen (5 minutes, 50°C), The crude material is dissolved 
m methanol, filtered and chromatogri5>hed on C8-silica using an automated prqiarative HPLC 
system (Waters 2767/2525) with a gradient of 35%-100% acetonitrile in 0.05M aqueous 
ammonium acetate. Appropriate fictions were combined and concentrated to dryness to yield 
3.9 mg (49 %) of the title compound HPLC-MS (Watws Extern C8-column. 8.6 min 
gradient of 0-100% m^hanol containing 0.1% tiifluoroacetic add UV-diode array detector, 
CLND and MSD-ESI detection) shows a single conqx>und with m/z 402 ^+1). 
C24H27N50, MW=401J. 

Compounds 30-73 were prepared acoordmg to the procedure set forth in Exanq>le 29, usmg 
flie appropriate carboxylic add and iV-phenyl-4,4*-bipyiidine-2,2'-diamine prepared as 
described in exanople 1 1. 
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Example 


Name 


MW 


Found m/z 


Yield (mg) 


30 


N-(2'-anilino4,4'-bipyridir>-2- 
yl)tetiHhydrofuran-3<:art)oxamide 


360.4 


361 


3.1 


31 


N-(2'-anilino-4,4-bipyiidin-2- 
yl)nicotinamide 


367.4 


368 


3.5 


32 


NK?-milin(Hl.4'-bipyridirh2-yl)-4- 
(cBmethylamino)benzamlde 


409.5 


410 


0.8 


33 


N-(2*-annino-4,4'-bipyridin-2-yl)- 
2,6-dimethoxynicotinaiT)ide 


427.5 


428 


0.1 


34 


hH2'-aninno-4,4'-bipyridiri-2-yO-1H- 
indole»2-carboxamide 


405.5 


406 


0.1 


35 


N-(2-anilino-4,4-blpyridin-2- 
yl)pyridine-2-carboxamide 


367.4 


368 


2.7 


36 


N-(2'-anilino-4,4-bipyridin-2-yl)-3- 
uramide 


356.4 


357 


0.1 


37 


N-(2'-anilino-4,4'-bipyridin-2*yi)* 
1 ,2,3-thiadiazole-4-cartx)xamide 


374.4 


375 


0.5 


38 


N-(2-anilino-4,4*-bipyridin-2- 
yl)isoxazole-5-carboxamide 


357.4 


358 


2.6 


39 


N-(2'-aniHno-4.4'-b1pyridin-2-yl)-5- 
methylisoxa2Dle-3-carboxamide 


371.4 


372 


5.3 


40 


N-(2'-anilino-4.4-bipyridin-2- 
yi)pyrazine-2-^rboxamide 


368.4 


369 


2.7 


41 


N-(2'-aniBno-4.4-bipyridin-2-yl)-1- 
methyl-1 H-imldazole-4- 
carboxamide 


370.4 


371 


4.9 
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N-(2'-anilino-4,4'-bipyridin-2-yl)-2- 
furamide 


356.4 


357 


0.5 


43 


N-(2'-anilino-4,4'-bipyridin-2-yl)-4- 
methoxybenzamide 


396.4 


397 


2.4 


44 


N-(2'-anilino-4,4'-bipyiidin-2-yl)-5- 
brDmo-2-fuFamide 


435.3 


435 


4.2 


45 


N-(2'-anilin(>4.4'-bipyridin-2-yl)-2- 
(methytthio)nicoHnamide 


413.5 


414 


1.3 


46 


methyl 4-{I(2'-anilino-4.4'-bipyridin- 
2-yt)amino]carbonyl}benzoate 


424.5 


425 


0.6 


47 


3<acelyiamino)-r>H2'-annin(>4,4'- 
bi(^ridiiv2-yl)ben2amide 


423.5 


424 


0.3 


48 


N-(2'-annino-4,4'-bipyridin-2-yl)-4- 

oxo-4^,6,7-telrBhydro-1- 

benzofuran-S-carboxamkto 


424.5 


425 


3.6 


49 


N-(2'-anilino^^--bipyi1din-2-yO-5- 

[(pyridin-2-ylthio)methyl]-2- 

fuiamide 


479.6 


480 


0.8 


50 


N-(2'-anilirK>^,4'-bipyridir>-2- 
yOnicoUnamide 1-<M(ide 


383.4 


384 


0.5 


51 


N-(2'-anilino4,4'-bipyridli>-2-yl)-3- 
hydroxypyridine-2-carboxamlde 


383.4 


384 


0.3 


52 


N-(2'-anllIrM>4,4'-bipyrjdin-2-yl)-6- 
biDmopyridine-2-caiboxamide 


446.3 


446 


6.2 


53 


N-(2'-anilino-4,4'-bipyridin-2- 
/Qisonicotinamide 1 -oxide 


383.4 


384 


2.3 
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54 


nM-(2'-anlllno-4,4'-bipyridin-2-y«)-2- 
hydroxynicotinaiiiide 


383.4 


384 


0.4 


55 


N-(2'-ani1ino4,4'-b!pyridin-2-yl)-6- 
hydroxypyridine-2-cart)Qxamide 


383.4 


384 


• 2.6 


56 


N-(2'-anllincHl,4'-bipyridin-2-yO-»- 
benzoylpyri(iine-2-carboxainide 


471.5 


472 


1.8 


57 


^H2'•«u1inno-4.4'-bipyriclilv2-yl)-&• 
methylpyridine-2-caiboxamide 


381.4 


382 


0.8 


58 


N-(2'-anilIno-4.4'-bipyridin-2-yO- 
3,5-dim6thylisQxazole-4- 

carboxfimids 


385.4 


386 


0.5 


59 


N-(2'-aniIino-4.4'-blpyridIn-2-yi)-2- 
methcKcynicoUnafnide 


397.4 


398 


0.6 


60 


N-(2'-anilin(>4.4'-bipyridin-2-yO-4- 

methyi-1,2,3-tMadiazole-5- 

carboxamide 


388.5 


389 


5.6 


61 


N-(2-anilino-4,4'-bipyridin-2-^-2- 
chloroisonicotinamjde 


401.9 


402 


5.7 


62 


MK2'-anHino-4,4'-bipyridin-2-yl)^ 
methyiisoxaa)le-4-caiboxainide 


371.4 


372 


1.3 


63 


hJ-(2'-anilln(h4,4'-bipyirk«n-2-yl)-3- 
fnethylisoxazole-4-carboxamide 


371.4 


372 


4.3 


64 


hK2'-anilino-4,4'-b^iyridin-2-yl)-1- 
nethyl-l Hi)yriole-2-cafbaxamide 


369.4 


370 


2.1 


1 

65 1 


^(2'-anfllno-4,4'-bipyiidln-2-yl>-2- 
:hloionicotinamide 


401.9 


402 


4.1 
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N-(?-anilino-4,4*-bipyridii>2-yl)-5- 
chloro-1 H-indole-2-carboxamide 


439.9 


440 


0.4 


67 


N-(2'-anilino-4,4'-bipyridin-2-yl)-4- 
chloro-1 H-pyrazole-a<:arboxamide 


390.8 


391 


0.9 


68 


NK2'-anllino-4,4*-bipyridin-2-yO-5- 
methyhl H-pyrazole-3-carboxamfde 


370.4 


371 


0.6 


69 


(2E)-l^2'-aninno-4,4*-bipyridin-2- 
yl)-3-(a-furyOacryiamide 


382.4 


383 


0.7 


70 


N-(2'-aniHno^,4'-bipyridln.2-yl)-3- 
(2-0X0-1 ,34)enzoxazol-3(2H)- 

yi;p ro pan anri kj 6 


451.5 


452 


0.7 


71 


N'-(2'-anDin(K4'-bipyridin-2-y|)- 
N,N-dImethyl8Uccinainide 


389.5 


390 


0.3 


72 

• 


N-(2'-anilino-4,4'-bipyridin-2-yQ-2- 
[(4- 

chlon9>henyi)8ulfonyl]aoetainlde 


479.0 


479 


1.1 


73 


N-(2'-anilino-4,4'-bipyridin-2-yO-5- 
oxoprolinamide 


373.4 


374 


1.3 



Example 74 

iV-(2'-aiiilino-4/l'-bipyridm-2-yl>3-mei^^ 

5 General proceduie: 

To a mixture of 3-Methoxypropanoic add (1 1 mg, 0.1 mmol), 2V-phenyl-4,4*-bipyridme-2,2'- 
diamine (26 mg, 0.1 mmol), hydroxybenzotriazole (14 mg, 0.1 mmol), polystyrene bound 
diisopropylamine CNJN*<Diisopropyl)aminomettiylpolystyrene, 32 mg, 0.12 mmol) and 
polystyrene bound caibodiimide (N-K:ycIohexylcarbodiinude-N*-propyloxymethyl 
10 polystyrene, 158 mg, 0.3 mmol) was added 2 mL dimethylformamide 1. The mixture was 

stirred at 120**C for 48h under argon. Filtering and evaporation gave a brown symp wtiich was • 
dissolved in dimethylsulfoxide (200 uL) and subjected to chromatography on C8-silica using 
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an automated preparative HPLC system (Waters n61f2S2S) with a gradient of 25% - 45% 
acetonitrile in 0.05M aqueous ammonium acetate. Appropriate fractions were combined and 
concentrated to dryness under vacuum to yield 5.3 mg of the title compound. HPLC-MS 
(Waters Bxtena C8-column, 8.6 min gradient of 0-100% methanol containing 0.1% 
5 trifluoroacetic acid. UV-diode array detector, CLND and MSD-BSI detection) shows a single 
compound with m/z 349 (M+1). C20H20N4Q2, MW=:348.4. 

Examples 75-^5 

Compounds 75-85 were prepared according to the procedure set forth in Example 74, using 
10 the appropriate carboxylic acid and //-phenyl-4.4*-bipyridine-2;2*-diamine prepared as 
described in example 11. 



Example 


Name 


HW 


Found mAe 


YleM 


75 


N-(2'-anilino-4.4'-bipyridIn-2-yl)-4- 
methoxycydohexanecarboxamide 


402.5 


403 


9.2 mg 


76 


N-(2'-aniiino-4,4*-bipyridin-2-yl)-3- 
methoxypropanamide 


348.4 


349 


5.3 mg 


77 


N-(2'-anlIino-4,4'-bipyridln-2. 
yOtetFahydrofuraiva<:arbaxamide 


360.4 


361 


17.4 mg 


78 


N-(2'-aniHno-4,4'4iipyridin-2-yl)^ 
(dimethylamino)butanamide 


375.5 


376 


9.6 mg 


79 


N-(2'-aniIino-4,4'<bipyridin-2- 
yl)nicotinamide 


387.4 


368 


9.2 mg 


80 


l^(2'-anilino-4,4'-bipyridln-2-yl)-4- 
(dim6thylamlno)benzamkle 


409.5 


410 


3.8 mg 


81 


N-(2'-anilino-4,4'-bipyridin-2-yl)-2,6- 
dimethoxynicotinamide 


427.5 


428 


3.3 mg 


82 


^(2'-anilino-4.4'-bipyridin-2-yO-1 H- 
indol&-2-carboxamide 


405.5 


406 


3.1 mg 


83 


N-(2*-annino-4,4-bipyridin-2-yl>-5- 
methylpyrazine-2-cart>oxamide 


382.4 


383 


3.9 mg 
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N-(2'-aninno-4,4'-bipyridin-2- 








84 


yl)pyridine-2-carboxamlde 


367.4 


368 


9.2 mg 




N-(2'-anain(Hl.4'4}ipyridin-2-yl)-3- 








85 


furamide 


356.4 


357 


5.5 mg 



iVK2'--aiiilino-494'-bipyridin-^^^ 

Procedure A: 

To a solution of and ^'-phenylA4'-bipyridine-2;2*-dianune (131 mg, 0.5 nmol) in 
dioxane (5 mL) under nitrogen was added phenyl isocyanate (60 mg, 0.5 mmol) dissolved 
in dioxane (1 mL). The mixture was stirred at room temperature for 16 hours. Precipitated 
matraal was filtered off and verified by NMR and HPLC-MS to be the tide compound 
(104 mg, 55%) in 96% purity (uv-detection). • *H NMR (DMSOD^) 5 8.40 (d, J=5.6 Hz, 
IH), 5 8.30 (d, J=5.6 Hz, IH), 7.99(d, J=5J Hz. IH), 7.73 (d, J=8.1 Hz. 2H). 7.54 (d, J=8.1 
Hz. 2H). 730 (m. 5H), 7.15 (s. IH. NH), 7.04 (m, 2H). 6.92 (t. 7.1 Hz. IH). ^^C NMR 
(DMBO.D6) 5 156.7, 152.1, 148.5. 147.5. 145.9. 141 J. 139.0. 138.9. 128.9. 128.7. 122.6, 
120.7. 118.8. 118.7. 118.1. 1153. 111.8. 108.8, 107.9. ^NMR(DMSO.D(s)8-275.0.- 
260.4, -269.5, -1 133, 108.1. The chemical shifts and positions of the nitiogm atoms were 
determined usmg HSCJC and ^ HMBC m combination with *H-1H COSY. 
chemical shifts are given relative external nitro methane at 0.0 ppm. The experimrats 
were performed on a Bruker DRX600 NMR Spectrometer, operating at 600 MHz for 
proton 60 MHz for nitrogen-15 and equipped wifli a 5mm TXI probe with 2^gradients. The 
experiments were performed at 22 degrees Centigrade. 

HPLC-MS (Waters Bxterra C8-colunm, 8.6 min gradient of 0-100% mettianol contaming 
0.1% trifluoroacetic acid. UV-diode array detector, CLND and MSD-ESI detection) shows a 
single compound witii m/z 382 (M+1). C24H27N50, MW=381.4. 

Procedure B: 

To a solution of phenyl isocyanate (72 uL, 0.5 M in dioxane. 0.036 mmol) in a 2 mL deep- 
well 96-well plate was added iV^phMyl-4,4'-bipyridine-2,2*-dianune (7.9 mg, 0.03 mmol) 
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in dioxane (200 uL) under nitrogen. The plate was agitated on an orbital shaker at room 
ten^rature for 16 hours. Precipitated material was filtered off and dissolved in 
dimethylsulfoxide. Analysis and quantification of the product was done usmg an Agilent 
HPl 100 HPLC-MS system (Waters Exterra C8-column, 8.6 min gradient of 0-100% 
5 methanol containing 0.1% trifluoroacetic acid) equipped with UV-diode array detector, 
CLND (nitrogw detector) and MSD-ESI detector. 

Con5)ounds 87-166 were prepared according to the procedure set forth in Pn)cedure B, 
using the q)propriate isocyanate derivative andiV-phenyM,4*-bipyridine-2;2'-diamine 
10 pr^ared as described in example 1 1 . 



Entry 


Name 


MW 


Found m/z 


Yield (mg) 


87 


N-(2'-anflino-4.4'-bipyrfdin-2-yl)-N'- 
phenylutea 


381.4 


382 


3.6 


88 


N-(2'-«nflin(M,4'4>ipyi1dln-2-yl)^ 
[1-(4-bramophenyl)ethyqurea 


488.4 


488 


0.1 


88 


N-(2'-anilino-4.4'-blpyridin-2-yO-N'- 
thien-3-ylurea 


387.5. 


388 


2.8 


90 


N-(2'-anillno-4.4'-blpyridin-2-yO-N'- 
(2-inethyiphenyOurea 


395.S 


396 


1.9 


91 


N-(2'-anlllno-4,4'-bipyridirv-2-yl)-N'- 
(4-methylphenyOur8a 


395.5 


396 


1.8 


92 


N-(2'-anilin(h4,4'-blpyridin-2-yl)-N'- 
(3-fluorophenyi)urea 


399.4 


400 


^9 


93 


N-(2'-anilino-4.4*-bipyridin-2-yl)-N'- 
(2-fluorophenyt)urea 


399.4 


400 


0.4 


94 


N-(2*-anillno-4,4'-bipyridin-2-yO-N'- 
[4-fluorDphenyl)urea 


399.4 


400 


0.1 
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95 


n-^^ -euiiiino-4«'i **Dipynciu>*2->yi;-N ' 
[4Kchloromethyl)phenyQur8a 


429.9 


430 


2.2 


96 


N«\^-aniiino-4,4 -DipyrKlin-2*yl)-N - 
(3-cyanophenyl)urea 


406.4 


407 


1.7 


97 


N-(2 -antljno-4,4 *bipyridin-2-yl)-N 
(4-cyanophenyl)urea 


406.4 


407 


a3 


98 


N-(2'-annino-4,4'-bipyridir>*2-yl)-N - 
(2K:yanophenyi)urea 


406.4 


407 


0.1 


99 


N-{2 -anilino-4»4*-bipyridiiv2*yf)-N - 
(2,3-dimethytphenyOurea 


409.5 


410 


0.8 


100 


N-(2'-anifino-4,4'4>ipyridir>-2-yl)-N- 
(2,5-dim6thylphenyl)urea 


409.5 


410 


0.3 


101 


N-(2'-anilino-4,4'-bipyriclin-2-yi)-N- 
(4-ethylphenyl)urea 


409.5 


410 


0.7 


102 


N-(2-anilino-4,4-b[pyridii>2-yl)-N- 
(3-ethylph6nyt)urea 


409.5 


410 


1.6 


103 


N-(2'-aniljno-4,4 -bipyridii>2-yl)-N - 
(4-methoxyphenyl)urea 


411.5 


412 


Z6 


104 


N-(2'-anilino-4,4-bipyndii>2-yl)-N'- 
|3-fnethoxyphenyOurea 


411.5 


412 


0.2 


105 


N-(2 -anilino-4,4-bipyndin-2-yO-N - 
;2-methoxyphenyl)urea 


411.5 


412 


0.2 


106 


N-(2 *anilino-4,4'-bipyndir>-2-yl)-N - 
;5-fluoro-2-methylphenyOurea 


413.5 


414 


0.4 


107 


iM-(Z-anilino-4,4 -oipyndin-2-yl)^ - 
[2-fluorobenzyi)urea 


413.5 


414 


2.7 




M-(2'-anilino-4,4'-bipyridin-2-yi)-N'- 
2-fluon>-5-m6thylphenyOurea 


4ia5 


414 


0.3 


109 


^2'-anilino-4.4'-bipyi1din-2-yl)-N'- 

3-fluorobenzyi)urea 


413.5 


414 


1.5 


110 


M-(2'-anilin<M,4'-b^)yrklin-2-yO-N'- 
2-chlorophenyOurea 


415.9 


416 


0.3 
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111 


(3K;hlorophenyl)urea 


415.9 


416 


0J2 


112 


(2-chlorobenzyf)urea 


429.9 


430 


2.3 


113 


KI-/9*.onllirm^ A*>KSff^«/vl/4tn_0 tjl\ Ki> 

rtr\(C -aniiino-4,4 "Dipynuin-z-yij-N - 
(2»5-difluorophenyl)urea 


417.4 


418 


0.2 


114 


N-(^-aniiino-4»4 -Dipyndii>-2-yl)-N - 
(2,4<ltfluorophenyi)urea 


417.4 


418 


0.1 


115 


iM-(i£^-aniiino-4»4 -Dipyridin-2-yl)-N^- 
(3,4-dichlorobenzyl)urea 


464.4 


464 


1.6 


116 


r>h(4^acetyipnenyl)-N -(2 -anilino- 
4,4'-bipyridin-2-yOurea 


423.5 


424 


0.2 


. 117 


iM*(d-acGiyipnenyl}-N -(2^-anilino- 
4,4'-b]pyridin-2-yt)urea 


423.5 


424 


3.2 


118 


iM-^^ -aniiino-4,4 -Dipyriciin-2-yl)-N - 
(4-lsopropyfph8nyl)urea 


423.5 


424 


0.4 


119 


i>i-(^^-aniiino-4,4 -oipynclin-2-yl)'*N - 
(2-isopropylphenyl)urea 


423.5 


424 


0.9 


120 


N-(^ -aninno-4,4 -oipynain-2-yl)-N^ 
;2-ethyl-6-methyIphenyl)urea 


423.5 


424 


0.2 


121 


iM-^^-aniiino-4,4 -oipyndin-2*yl)-N - 
mesitylurea 


423.5 


424 


0.1 


122 


iH-yd -aniiino-4,4 H!)ipynciirh2-yi)-4M - 
;2-propylphenyOurea 


423.5 


424 


1.0 


123 


\i^{0*manUlnn-A A* KSntnMfr^O tfl\ M> 

ri-ye, *aniiino-4,<> -DipyrKjin-^-yi/-N - 
4-(dimethylamlno)phenyQurea 


424.5 


425 


0.1 


• 

124 


M-(2'-anilintH»,4'-blpyridin-2-yl)-N'- 
t ,3-benzodioxol-5-ylurea 


425.4 


426 


0.2 


1 

125 1 


M-{2'-annino^,4'-bipyridin-2-yl)-N'- 
[4-in6thoxy-2-methylphenyl)urea 


425.5 


426 


0.4 


1 

126 ( 


SI-(2'-anDln<M.4'-bipyridin-2-^l)-N'- 
2-methoxy-5-methylpheiiyl)urea 


425.5 


426 


0.1 
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127 


N-(2 -aniiino-4,4 -i}ipynain-2-yl)*N - 
(4-ethoxyphenyl)urea 


425.5. 


426 


0.9 


128 


N-(2 -annin(>4,4 4>ipyridin-2-yl)-N - 
(4-methoxybenzyl)ur8a 


425.5 


426 


1.6 


129 


N-(2-anilino-4,4'-bipyridii>2-y()-N- 
(4-nitrophenyl)urea 


426.4 


427 


0.5 


130 


N-(2-anllIno-4,4'-bipyridin-2-yl)-N'- 
(3-nitrophenyi)urea 


426.4 


427 


0.6 


131 


N-(2'-anlllno-4,4*-bipyridln-2-yl)-N'- 
[3-(m6thylthio)phenyqurea 


427.5 


428 


3.3 


132 


N-(2'-^i]ino-4.4*-bipyridin-2-yi)-N- 
[4-(methytthio)phenyQurea 


AS7J& 


428 


0.4 


133 


lsl-(2'-aniIino-4,4'-bipyridin-2-yl)-N'- 
(2-methylbenzyl)urea 


409.5 


410 


2.1 


134 


r4-(2'-anilino-4,4'-bipyridin-2-yI)-N*- 
(5-chloro-2-methytphenyOur8a 


429.9 


430 


0.3 


135 


N-(2*-anilincHl,4*-bipyridin-2-y1)-N'- 
(2-chloro-5-melhyIphenyl)ur8a 


429.9 


430 


0.4 


136 


N-(2'-anilino^,4'-bipyridln-2-yl)-N*- 
(2-chlorobenzyOurea 


429.9 


430 


2.1 


137 


N-(2'-anilino-4,4'-bipyrjdin-2-yl)-N'- 
(3-chlorcHMIuorophenyi)urea 


433.9 


434 


0.2 


138 


N-(2-aniIino-4,4'-bipyndirv2-yl)-N- 
(2,3,4-trifluorophenyl)urea 


435.4 


436 


0.1 


139 


N-(2^-anilino-4,4-bipynain-2-yl)-N- 
;4-butylphenyl)urea 


437.5 


438 


0.1 


140 


N-(2'-anilino^,4*-bfpyridir>-2-yl)-N'- 
[2-isopiopyl-&-methylphenyi)urBa 


437.5 


438 


0.1 


141 


Nt-(2'-«milin(>4.4'-4}ipyrKiin-2-yl)-N'- 

2-tert-biJtytphenyl)urea 


437.5 


438 


0.4 


142 


methyl 4-({[(2'-anilin(M.4'- 
t)lpyridin-2- 

/l)amino]carbonyQamino)benzoate 


439.5 


440 


0.1 
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143 


N-(2 -aniiino-4,4 -Dipynain-2-yl)-N - 
(3,4-dimethoxyphenyl)urea 


441.5 


442 


3.6 


144 


si-(?-anilino-4,4 -bipyridirh2-yl)-N - 
(3,5-diniethoxyphenyl)urea 


441.5 


442 


0.8 


145 


N-(2'-anilino-4,4'-bipyridin-2-^N* 
(3-chloro4-m6thoxyphenyi)urea 


445.9 


446 


0.8 


146 


N-(2'-anDino-4,4'-blpyridirv2-yl)-N- 
[4-(difluorDm6thoxy)phenyQurBa 


447.4 


448 


0.6 


147 


N-(2-aninno-4,4*-bipyridirv2-yi)-N'- 
i2-(lrifluoromethyi)phenyqurea 


449.4 


450 


0.2 


148 


N-(2*-anilin<>-4,4'-bipyridin-2-yO-N'- 
[3-(tiTfiuoromethyi)phenyQurea 


449.4 


450 


0.1 


149 


N-(2-anilino-4,4'-bipyridin-2-yO-N- 
[4-(trifluoromethyOphenyqurea 


449.4 


450 


0.1 


150 


N-{2'-anilino-4,4'-bipyridin-2-yO-N- 
(2,5-dichlorophenyl)urea 


460.3 


450 


0.1 


151 


N-(2'-anillno-4,4'-bipyiidin-2-yl)-N'- 
(3,5<iichloropheny1)urea 


450.3 


450 


0.0 


152 


N-{2-anilin<M,4^-bipyiridin-2-yO-N- 
(3,4-dichlorophenyl)urea 


450.3 


450 


0.3 


153 


N-(2-anilino-4,4'-bipyridin-2-yl>-N* 
(2,3-dichlorophenyOurea 


450.3 


450 


0.2 


154 


N-(2'-anlllno-4,4'-blpyridir>-2-yO-N'- 
(2,4-dichlorophenyl)urea 


450.3 


450 


1.2 


155 


N-(2'-anilino-4,4'-bipyndin-2-yl)-N- 
(4-bromo-3-methyiphenyOurea 


474.4 


474 


0.1 


156 


N-(2'-anilin<M,4'-bipyridln-2-yO-N'- 
[2,6-dichioropyrkfin-4-yi)urea 


451.3 


451 


0.1 


157 


N-(2'-anilino-4,4'-bipyridin-2-ylHM'- 
4-biJtyl-2-m6thytphenyl)urea 


451.6 


452 


0.0 


158 


N-(2'-anillno-4,4'-bipyiidin-2-yl)-N*- 

5-methyl-2-(trifluoromethyl)-3- 

furyQurea 


453.4 


454 


0.2 
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159 


ethyl 3-(n(2'-anilino-4.4'-b^din- 

2- 

yl)amino]carbonyi}amino)benzoate 


453.5 


454 


0.2 


160 


N-(2 '-anilino-4»4 -bipyridirv-2-yl)-N - 
(4-butoxyphenyl)urea 


453.5 


454 


0.2 


161 


N-(2 -anilino-4,4 -bipyrkiii>>2-yi)-N • 
[4-(trifluorom6th(»9)phenyQurea 


465.4 


466 


0.1 


162 


N-(2'-aniHno4.4'-bipyridin-2-yl)-N'- 
(2,6Kiii8opropylphenyOurea 


•fOO.D 


A act 


0.1 


163 


N-(2'-annino4.4'-bipyridln-2-ylHsl'- 

(4-methylbenzyl)uFea 


409.5 


410 


0.5 


164 


N-(2'-anilin(H».4'-bipyridin-2-yl)-N'- 

(5-chlon>-2,4- 

dimettioxyphenyi)urea 


475.9 


476 


1.6 


165 


N-(2'-anilino4.4'-b^yridin-2-ylH4'- 
{4- 

[^uoromethyl)thio]phenyl}urea 


481.5 


482 


0.1 


166 


N-(2'-anilino^4'-bipyi1dln-2-yl)-N'- 
bis(trifluoremethyl)phenyqurea 


517.4 


518 


0.1 



Example 167 

l-acetyl-A^-(2*-aiiilmo-4^'-bqp^ 
5 Procedure as exaniple 14. Reaction with l-acetylpiperidme-4-carboxylic acid for 5 days. 
Purification on silica gel (0 to 10% MeOH in C&^i^ gave 5 mg (5%) of tfie tifle 
compound. The product was treated witii 1 eq.trifluoroacetic acid and fiieeze dried to give 
theTFAsalL 
MS(ES)ot/S:416(M+1). 

0 

Example 168 

Ar-(2'-aniImo-4^4*-bipyridin-2-yl>5H>XDproIinamide 

Procedure as example 14. Reaction with DJL-pyroglutamic acid for 5 days gave 12 mg 
(13%) of the tifle compound. The product was treated with 1 eq. TFA and freeze dried to 



wo 2004/052880 



55 



PCT/SE2003/001911 



give the trifluoroacetic add salt *H NMR (CP3OD): 5 8 J4 - 8.48 (m, 2H), 7.98 (d, J = 6.5 

Hz. lH).7.56-7.35(iii.7H).7.30(dd.J=:6J.2H2, lH),4.44(m, IH). 2.65 -2.15 (m. 

4H),1.30(in,lH). 

MS(ES)n»fe374(M+l). 

^^^ac^lWV2'^aIiilmo-4^'-bipyrid^ll-2-y^>p-al^lninan^ii^^e 

Procedure as example 14. Reaction with A^-acetyl-P-alanine for 5 days gave 30 mg (31%) 
of the tide compound. The product was treated with 1 eq. TFA and freeze dried to give the 
trifluoroacetic acid salt *H NMR (CD3OD): S 8.50 - 8.46 (m, 2H). 7.96 (d. J = 6.5 Hz, IH). 
7.59 -7.39 (m. 7H). 7.33 (dd. J = 63, Hz, IH). 3 J3 (m, 2H), 2.68 (m. 2H). 1.92 (s. 3H). 

Example 170 

iVK2'-aiiilmo-4/t'4>ipyridm-2-^]^pafjdiiie-4<ariK^^ 

Procedure as example 14. Reaction with l-(tei*-butoxycarbonyl)piperidine4-caihoxyMc 
acid for 8 days. Reverse phase chroma!ogrq)hy was followed by boc iranoval with TFA/ 
CHaQi 1 : 1. A secrad reverse phase chromatogr^hy gave 16 mg (17%) of die title 
compound as tiie fiee base. *H NMR (CD3OD): 5 8.42 (s. IH). 8.37 (d. J = 5 Hz, IH), 8.19 
(d, J = 5.5 Hz, IH), 7.54 (m. 2H), 7J7 (dd, J = 5.5, 1.5 Hz, IH), 7.29 (m, 2H), 7.10 (s, IH), 
7.03 (dd, J = 5.5, 1.5 Hz, IH). 6.97 (m, IH), 3.11 (m. 2H), 2.64 (m, 3H), 1.87 (m. 2H). 1.73 
(m,2H). 

F.«iniplA Vn 

3-ainiiioW-<2'-4iulm(>4/l'4>ipyridm.2-yObatanamide 

Procedure as example 14. Reaction witii (•♦y-)-3-[(tert-butoxycarbonyl)amino]butanoic acid 
for 5 days followed by N-boc removal as for 26757 gave 10 mg (1 1 %) of title compound. 
The product was treated witii 1 eq. HQ (aq.) and fieeze dried to give the HQ salt *H NMR 
(CD3OD): 6 8.43 (s. IH). 8.36 (d, J = 5 Hz. IH). 8.19 (d. J = 5 Hz. IH). 7.53 (m, 2H). 7.36 
(dd, J = 5, 2 Hz, IH), 7.28 (m, 2H). 7.09 (s. IH). 7.02 (dd, J = 5.5. 1.5 Hz, IH), 6.97 (m, 
IH), 3.40 (m, IH), 3.34 (s. 3H), 2.60-2.43 (m, 2H), 1.18 (d. J = 6.5 Hz, 3H). 
.MS(ES)TO^348(M+1). 
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Example ITO 

iVK2'-4iiilino-4^'-bipyridm-2-^L-pndiiiain^ 

Procedure as example 14. Reaction with l-(teft-biitoxycaibonyl)-L-proliiie for 8 days 
followed by N-boc removal as for 26757 gave 7 mg (9%) of the tide compound. The 
product was treated witti 1 eq. HQ (aq.) and fiteeze dried to give the HQ salt *H NMR 
(CPjOD): 5 8.48 (s, IH). 8.37 (d, J = 5 Hz. IH), 8.20 (d, J = 5.5 Hz. IH). 7.53 (m. 2H). 
7.40 (dd. J = 5, 1.5 Hz. IH). 7:29 (m. 2H). 7.10 (s. IH). 7.03 (dd. J = 5, IJ Hz, IH). 6.97 
(m. IH). 3.86 (m. IH). 3.03 (m. 2H). 2.23 (m, IH), 1.93 (m, IH), 1.79 (m, 2H). 
MS(ES)m/z360(M+l). 

EbKimpie 173 

iV-(2'-anilino-4,4'-blpyridin-2-yl)acetamide 

iV-phenyl-4,4'-bipyridine-2,2'-diamine (50 mg. 0.19 mmol) was dissolved mpyridme (2 
mL) and acetyl chloride (14 pL, 0.20 mmoQ was added at 0°C and stined Ih at 25°C 
followed by concmtration ot vacuo. Purification by revose phase diromatogr^hy gave 16 
mg (27%) of the title compound as the fiee base. *H NMR (CP3OD): 5 8.50 (m, IS), 8.16 
(s, IH), 8.01 (d, J = 5 Hz. IH), 7.68 (m, IH), 7.59 (m, 2H), 7.52-7.44 (m, 4H), 7.36 (m, 
lH),3.22(s,3H). 
MS(ES)m^305(M+l). 

Example 174 

Methyl 2*<milino4y4*-biiiyridin-2-ylcarbamate 

Procedure as exan^le 173. Nfethyl chlorofonnate (16 pL, 020 mmol) was added at O'C 
followed by a second portion (5 mL) after 12 h and stirring was continued for 2 d at 25°C. 
Purification by silica gel chromatogrq)hy (0 to 10% MeOH in EtOAc) gave 5 mg (8%) of 
the tide compound. The product was treated with 1 eq. HQ (aq.) and freeze dried to give 
the HQ salt 'H NMR (CD3OD): 6 8.45 (m, IH), 8.13 (s, IH). 7.97 (d, J = 6J Hz, IH), 7,58 
(m, 2H), 7.51 (m, IH), 7.48-7.43(m, 4H), 735 (m, IH), 3.84 (s, 3H). 
MS(ES)OT/fe322(M+l). 

iV-(2'-aiiilino4,4'-bipyridm-2-yI)nMthanesiilfomunide 
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Procedure as example 173. M^hanesnlfonylchloride (16 [iL, 0.20 mmol) was added at O^C 
and stining was continued for 3 d at 2S**C Purification by silica gd chiomatogrq)hy (0 to 
5% MeOH in EtOAc) was followed by reverse phase chromatography to give 2 mg (3%) of 
the title compound. The product was treated with 1 eq. HQ (aq.) and fieeze dried to give 
the HQ salt *H NMR (CD3OD); 5 8.46 (m, IH), 7.96 (d, J = 6.5 Hz, IH). 7.56 (m, 2H), 
7.47-7.28 (m, 7H, 3.29 (s, 3H). 
MSCES)»v%341(M+l). 

A^-(2'-aiiiliiio-4,4'4>ipyridm-2-]i)<7dohacanecarb^ 

Procedure as example 173. Cyclohexanecarbonyl chloride (28 jiL, 0.20 mmol) was added 
at (fC and stining was continued for 12 h at 25"C Purification by revose phase 
chromatogr^hy gave 4 mg (5%) of the tide confound. The product was treated with 1 eq. 
HQ (aq.) and fireeze dried to give Ihe HQ salt *H NMR (CD3OD); 8 8.46 (m, 2H), 8.00 (d, 
J = 6.5 Hz, IH), 7 J5-7.40 (m, 5H), 7.35 (m, 2H), 7.27 (m, IH), 2.50 (m, IH), 1.97-1.22 (m. 
lOH). 

MS(ES)OT^373(M+1). 
EramirfelT? 

Procedure as exanqile 14. Reaction witti I-(terf-butoxycaibonyl)piperidine-2-caiboxylic 
add (desoibed in Costa, Brian R. de; Domingo^ Celia; He, Xiao-shu; Williams, Wanda; 
Radesca, Lilian; Boweo, Wayne; J.Med.Chem; 35; 23; 1992; 4334-4343.) for 7 days was 
followed by woriaip and treatment witij TFA/ CH2a2 , 1 : 1 for 30 min. Purification with 
reverse phase chromatognqjhy gave 5 mg (13 pmol) of the N-boc deprotected product 
which was dissolved in CH2a2 (2 mL) together with triediylamine (2. 1 pL, 15 funol) and 
treated with acetic anhydride (1 .4 jiL, 14 ]uoaS). After sturing 12 h at 25*C and evqmration 
of the solvit in vacuo, purification widi reverse phase diromatogn^hy gave 2 mg (1%, 3 
steps) of the title confound. The product was treated widi 1 eq. HQ (aq.) and fi«eze dried 
to give the HQ salt 'H NMR (CD3OD): 5 8.40 (m, 2H), 8.20 (m. IH), 7.54 (m, 2H), 7.40 
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(m, IH), 7.29 (m. 2H), 7.11 (m. IHE), 7.04 (m, IH), 6.97 (m, IH), 2.20 (s. 3H). 2.204).98 
(m.9H). 

MS(ES)m^416(M+l). 
)Rynimilp 178 

l-Ae^l-iVK2'<«iijaino-4^'-bipyTidin-2-yl)piperidme-3^^ 

Procedure as example 14. Reaction with l-acetylpiperidine-3-carboxyKc acid ( described 
in : Zalucky et al., J. Phann. Sci., 1965, 54, 687-693) for 5 days. Purification with reverse 
phase chromatogis^hy gave 3 mg (3%) of tfje title compound The product was treated with 
1 eq. HQ (aq.) and freeze dried to give the HQ salt 'H NMR (CD3OD): 5 8.52-8.42 (m, 
2H), 7.95 (d, J = 6.5 Hz, IH), 7.58 (m, 3H), 7.51-7.42 (m, 4H), 7.34 (dd, J = 7, 2 Hz, IH), 
4.53 (m, IH), 4.19 (m. IH), 3.98-3.84 (m. 2H), 2.99 (m. IH), 2.13 (s. 3H), 2.13-1.26 (m, 
4H). 

MS(ES)m/z416(M+l). 

KTiimpln 170 

Eth}i 4-[(2'<iiiamo-4y4'-bi^yridm-2-]4)amino]-4-o»>bntanoate 
4-Ethoxy-4-oxobutanoic acid (36 mig. 0.25 mmol) and A^[(dimethylamino)(3fi^ 
[lA3]triazolo[4,5-feTpyridin-3-yloxy)mefliylene]-jy-m^ylTn^ anamiiiiiim 
hexafluorophosphate (142 mg, 0.375 mmol) were dUuted in 4 mL of dry A; J^T- 
dimetfaylfotmamide under a nitrogw atmo^hooe. Diisopropyl^ylamine (64 mg, 87|iL, 
0.575 nunol) was added dropwise. After Ih stinin& a solution of iV-phBnyl-4,4'- 
bq)yridin&-2,2'-dianime (65 mg. 0.25 nmiol) in dry AT-dimeUiylformamide (ImL) was 
slowly added and the mixture stiaed for 15h at 20°C. The mixture was poured on a 
saturated aqueous sohitim of NaHCXb (5 mL) and extracted witti ethyl acetate (3x10 mL). 
The organic layrar was dried over magnesium sulfate, filtered and evaporated under 
vacuum to afford a crude product which was purified by flash chromatography (ethyl 
acetatetoiethanol : 98/2). Yield : 25 % (25 mg). 'H NMR (400 MHz, CDQa) :5 9.04 (s, 1 
H), 8.45 (s, 1 H), 8.30 (d, /=6.1 Hz, 1 H). 8.25 (d. 7=4.5 Hz, 1 H), 7.43 - 7.32 (m, 5 H). 
7.20 - 7.14 (m, 1 H), 7.09 - 7.05 (m, 2 H), 6.96 (d, 7=5.6 Hz, 1 H), 4.16 (q. 7=7.1 Hz, 2 H), 
2.76 - 2.66 (m, 4 H), 1.27 - 1.22 (t, .^7.1 Hz, 3 H). "C NMR (101 MHz, CDCb) :8 172.64 
(s, 1 Q, 170.50 (8, 1 Q, 156J8 (s, 1 Q, 15^20 (s. 1 Q, 148.38 (s, 1 Q, 148.08 (s. 1 Q, 
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147.85 (s. 1 Q. 139.97 (s. 1 Q, 129.40 (s. 4 Q, 123.30 (s. 1 Q. 120.66 (s, 1 C), 117.56 (s. 
1 Q, 1 13.07 (8, 1 Q, 1 1 1.89 (8, 1 C), 106.39 (8, 1 Q, 60.87 (s. 1 Q, 31.97 (s, 1 d), 29.03 
(8, IQ, 14.15 (8,10. 
MS CrSP) wfe (M+1) : 343. 391. 

leKiiiipiAiM 

iV-<2'-aiiamo-4^'-bipyridiii-2-]i)t^rahydr(rf^^ (JBl) and (E2) 

Tetiahydiofiuan-2-caifooxylic acid (58 mg. 0.25 mmol) andiSr-[(dimethylaiDmoX3H- 
ri.231triazolor4J-feTpyridm-3-yloxy>m^ylCTe]-V-methylmrt 
hexaflaoiopho8phate (285 mg, 0.75 mmol) weie diluted in 6 mL of dry iV; i^- 
dimethylfoimamide midor a nitrqgrai atmos{dierB. Diisopropyletfaylamiro (129. mg, 174 
ML, 1.0 mmol) was added dropwise. After Ih stining, a solutioa of i^-phenyI-4,4*- 
bipyridine-2,2'-diamine (131 mg, 0.50 nunol) in diy AT, iV-dimethylfonnamide (2 mL) was 
slowly added and the mixttne stined for 15h at 20''C. The mixture was poured on a 
saturated aqueous solution of NaHCCb (20 mL) and extracted with ethyl acetate (3x20 
mL). Hie organic layer was dried over magnesium sulfate, filtered and ev!q)orated under 
vacuum to afford a crade product which was purified by flash chromatogn^hy (ethyl 
acetate/methanol : 98/2). Yield : 44 % (81 mg) of the racemate. Both enantiomers were 
separated on a chiral column to afford : 25 mg of El and22mgof£2. *HNMR(400 
MHz. CDQa) :5 9.12 (s. 1 H). 8.51 (s, 1 H), 8.36 (d, 7=4.5 Hz. 1 H). 8.30 (d. J=6.1 Hz, 1 
H), 7.42 - 7.34 (m, 4 H), 7.23 (d, 7=3.5 Hz, 1 H), 7.11 - 7.04 (m. 2 H). 7.01 (d. J=S.l Hz. 1 
H). 6.64 (s, 1 H)i 4.50 (dd, 7:^.6, 5.6 Hz, 1 H). 4.12 - 4.03 (m, 1 H).4.02 - 3.92 (m. 1 H), 
2.44 - 2.33 (m. 1 H), 2.19 (td, .^13.4, 6.1 Hz, 1 H), 2.02 - 1.90 (m. 2 H). NMR (101 
MHz, CDdj) :5 172.32 (s, 1 Q, 156.63 (s, 1 Q, 151.55 (s, 1 Q, 149.15 (s, 1 C), 148.74 
(s, 1 Q, 148.62 (s, 1 Q, 140.15 (s, 1 Q, 129.38 (s, 2 Q. 123.10 (s, 1 Q, 120J8 (s, 2 Q, 
1 17.92 (s, 1 Q. 1 13.29 (s. 1 Q. 111.51 (s. 1 Q, 106.26 (s. 1 Q, 78.52 (s. 1 Q. 69.76 (s. 1 
Q. 31.87 (s, 1 Q, 25J8 (s, 1 Q. 
MSCrSP)/w4(M+l):36L 

Emmple 181 

(S)-3iV^-acetyl-iV^2'*iiiiiliiio-4^^bipyridiii-2-yl)metliloii^^ 
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f.$>-//-acetyl-L^metliioiiiiie (96 mg, 0.50 mmol) and i^-[(diiiietfay[amino)(3J?- 
[lA3]tiia2olor4^-^Tpyridin-3-yloxy)methylene]-^'-<netfayl^ 
hexafluorophosphate (285 mg, 0.75 mmol) woe diluted in 6 mL of dry A^. 
dimethylfonnamide under a nitrogen atmosphere. Diisopropylethylamine (129 mg, 174 
pJU 1*0 mmol) was added dropwise. After Ih stirring, a solution of ^-phenyl-4,4'- 
bipyridine-2,2'-diamine (131 mg, 0.50 mmol) in dry iV, iV-dimethylformamide (2 mL) was 
slowly added and tbe mixture stirred for 15h at 20°C. The mixture was poured on a 
saturated aqueous solution of NaHCCb (20 mL) and extracted with ethyl acetate (3x20 
mL). The organic layer was dried over magnesium sulfate, filtraed and evirated under 
vacuum to afford a crude product which was purified by flash cbromatogr^hy (ethyl 
acetate/methanol : 98/2). Yield : 25 % (54 mg). ^HNMR (400 MHz, CDCI3) :5 9.27 (s, 1 
H), 8.42 (s, 1 H), 8.33 (d, 7=5.1 Hz, 1 H), 8.26 (d, 7=5.6 Hz, 1 H), 7.42 - 7.33 (m. 4 H). 
7.22 (d, 7=5.6 Hz. 1 H), 7.1 1 - 7.05 (m. 3 H), 6.97 (d, 7s5.6 Hz, 1 H). 6.44 (d, 7=8.1 Hz. 1 
H), 4.85 - 4.77 (m. 1 H), 2.67 - 2.56 (m, 2 H), 2.27 - 2.18 (m, 1 H), 2.13 (s, 3 H), 2.09 - 
2.00 (m. 4 H). "C NMR (101 MHz, CDCI3) :8 170.50 (s, 1 Q, 170.20 (s, 1 Q, 156.69 (s, 1 
Q, 151.73 (s, 1 Q, 148.96 (s, 1 Q, 148.89 (s, 1 Q. 148.36 (s, 1 Q. 147.51 (s. 1 Q. 140.08 
(s. 1 C), 129.40 (s. 2 Q, 123.17 (s, 1 Q, 120.44 (s, 2 Q, 118.07 (s. 1 Q, 113.11 (s, 1 Q, 
111.95 (s. 1 Q, 106.22 (s. 1 Q, 53.35 (s, 1 Q, 31.20 (s, 1 Q, 30.29 (s, 1 Q. 23.22 (s, 1 Q, 
15.38 (s, 1 Q. 

MS (TSP) jwfe (M+1) : 436. 

|g«inipk> Iftl 

iV^2'-anaino-4^'-b^yridm-2-y0t^rahydro-2ir-^ 

Tetrabydn>-2flr-pynai-4-caiboxyUc add ^3 mg, 0.64 mmol) was dissolved in 4 mL of 
tbionyl chlwide and the solution was stined for 30 min at room tempexatoie. The solvent 
was removed under vacuum and die lesulting oil was dissolved in 1 mL dicbloton^diane. 
This solution was added dropwise to a soludm of iViihenyl-4,4'-bq>yridine-2,2'-diamine 
(160 mg, 0.61 mmol) in 10 mL of pyridii». After Ih stirring, the solvoit was removed 
under vacuum and die crude product was purified by HPLC : column : XTerra® prep 
MSCg, gradient 20-80%B, 20mLAnin, 40"C, (A-O.IM NH^OAc in 0.1% CH3CN aqueous 
solution, B-CH3CN). Yield : 48% (1 10 mg). NMR (400 MHz, €003) :5 8.49 (s. 1 H), 
8.32 (d, 7=6.1 Hz, 1 H). 8.28 (d, 7=4.5 Hz, 1 H), 8.05 (s, 1 H), 7.42 - 733 (m. 4 H). 7.23 - 
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7.19 (m, 1 H), 7.09 - 7.03 (m, 2 H), 6.99 (d, /:=5.6 Hz. 1 H), 6.71 (s, 1 H), 4.10 - 4.02 (m, 2 
H). 3.51 . 3.41 (m, 2 H), 2.59 - 2.49 (m. 1 H), L95 - 1.84 (m, 4 H). NMR (101 MHz, 
CDQa) :6 172.97 (s, 1 Q. 156.66 (s, 1 Q. 152.05 (s. 1 Q, 149.20 (s, 1 Q, 148.43 (s, 1 C), 
147.38 (s, 1 Q, 140.17 (s. 1 C), 129.38 (s, 2 Q, 123.07 (s, 1 Q, 120.35 (s, 2 Q, 117.82 (s, 
1 Q, 113.24 (s, 1 C), 111,70 (s, 1 C), 106.29 (s, 1 Q, 67.07 (s, 2 Q, 43.26 (s. 1 Q. 29.01 
(s,2Q. 

MS(TSP)m/2(M+l):375. 
Example 183 

Ethyl 3-[(2*-aiiilino-4^4*-bipyridm-2-yl)am^ 

3-Ethoxy-3-oxopropanoic acid (33 mg, 0.25 mmol) and iV-[(dimethylaminoX3ff- 
[i;J3]triazolo[4,5-fe]pyridm-3-yloxy)methylene]-A^-^ 
hexafluorophosphate (142mg, 0.375 mmol) were diluted in 4 mL of diy iV, ^- 
dimethylfoimamide under a nitrog^ atmospheie. Diisopropyletfiylamine (64 mg, 87^L, 
0.575 mmol) was added diopwise. After Ih stirring, a solution of iV-phenyl-4,4'- 
bipyiidine-2,2'-diamine (65 mg, 0.25 mmol) in dry N, iV^dimetiiylfoimamide (ImL) was 
slowly added and the mixture stirred for 15h at 20^*0. The mixture was poured on a 
saturated aqueous sohition of NaHCOj (5 mL) and extracted with ediyl acetate (3x10 mL). 
The organic layer was dried over magnesium sulfate, filtered and evi^rated under 
vacuum to afford a crude product which was purified by flash chromatogr^hy (ethyl 
acetate/metfianol : 98/2). Yield : 27 % (25 mg). *H NMR (400 MHz, CDCI3) :5 9.59 (s, 1 
H), 8.42 (s, 1 H), 8.35 (d, /=:6.1 Hz, 1 H), 8.28 (d, /=6.1 Hz, 1 H), 7.41 - 7.32 (m, 4 H), 
7.23 - 7.22 (m, 1 H), 7.10 - 7.04 (m, 2 H), 7.01 - 6,95 (m. 1 H), 6.81 (s, 1 H), 4.27 (q, 7=7.1 
Hz. 2 H), 3.51 (s, 2 H), 1.32 (t, 7=7.1 Hz, 4 H). 
MSCrSP) m/z(M+l):377. 

Example 184 

jSr-(2*-aiiilino-4,4*-bqpyridin-^^ 

3-Thiomethoxy propanoic acid (33 mg, 0.25 mmol) and iV-[(dunethylammo)(3/f- 
[l,2,3]triazolo[4,5-&]pyridin-3-yloxy)methylene]-iV-methyhnethanamim 
hexafluorophosphate (142mg, 0.375 mmol) were diluted m 4 mL of dry 
dimethylformamide under a nitrogen atmosphere. Diisoprylethylamme (64 mg, 87pL, 
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0.575 nunol) was added diopwise. After Ih stirring, a solution of iV-phenyl-4,4'- 
bipyridine-2;2'-diamme (65 mg, 0.25 nunol) in dry M ^-dixnethylfoimamide (ImL) was 
slowly added and the mixture stirred for 1 Sh at 20''C The mixture was poured on a 
saturated aqueous solution of NaHCOa (5 mL) and extracted with ethyl acetate (3x10 mL). 
The organic layer was dried over magnesium sulfate, filtered and evirated under 
vacuum to afford a crude product which was purified by flash chromatography (ethyl 
acetate/methanol : 98/2). Yield : 27 % (25 mg). *H NMR (400 MHz, CDCI3) :5 8.67 (s, 
IH), 8.47 (s, 1 H), 8.32 (d, 7=5.1 Hz, 1 H), 8.28 (d, 7=5.1 Hz, 1 H), 7.42 - 7.31 (m, 4 H), 
7.20 (d, 7=5.1 Hz, 1 H), 7.09 - 7.02 (m, 2 H), 6.98 (d, 7=;5.6 Hz, 1 H), 2.92 - 2.85 (m, 2 H), 
2.72 (t, 7=7.1 Hz, 2 H), 2.15 (s, 3 H). "CNMR (101 MHz, CDQa) :5 156.63 (s, 1 Q, 
149.13 (s, 1 Q, 148.83 (s, 1 Q, 148.39 (s, 1 Q, 14736 (s, 1 Q, 147.35 (s, 1 Q. 140.13 (s, 
1 C), 129.34 (s, 2 C), 122.95 (s, 1 Q, 120.33 (s, 1 Q, 120.19 (s, 2 Q, 117.78 (s, 1 Q, 
113.17 (s, 1 Q, 11L75 (s, 1 Q, 106.28 (s, 1 Q, 3735 (s, 1 Q, 37.32 (s, 1 Q, 29.39 (s, 1 
Q. 

MS(TSP)m^(M+l):365. 
Example 185 

(±)AK2*-anilmo-4,4^bipyridin*2-]i)-2-pym 

[l-(teit-butoxycarbonyl)pyrrolidin-2-yl]acetic acid (163 mg, 0.75 mmol) and ^- 
[(diniethylainmo)(3Jy-[lA3]triazolo[4,5n6]pyridin-3^^ 

methylmethanaminhim hexafluorophosphate (380 mg, 1.0 mmol) were diluted in 4 mL of 
dry N, A^-dimetfaylformamide under a nitrogen atmosphere; Diisopropylethylamine (193 
mg, 258 pL, 1.5 mmol) was added dropwise. After Ih stirring, a solution of ^-phenyl-4.4*- 
bipyridine-2,2*-diamine (131 mg, 0.50 mmol) in dry iV, //-dimethylformamide (2 mL) was 
slowly added and the mixture stirred for 15h at 20**C. The mixture was poured on a 
saturated aqueous solution of NaHCOs (20 mL) and extracted with ethyl acetate (3x20 
mL). The organic layer was dried over magnesium sulfate, filtered and evaporated under 
vacuum to afford a crude product which was purified by flash chromatography (ethyl 
acetate/methanol : 95/5). Yield : 87 % (207 mg). This compound (207 mg) was diluted in 
10 mL dichloromethane under nitrogen atmosphere and the solution was cooled to O^C. 
Trifiuoroacetic acid (2 mL) was added dropwise and the solution stirred for 15h at 20°C. 
The solvents were removed under vacuum. The resulting material was diluted m MeOH 
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(10 mL) and mixed with Dowex. After filtration the solution was concoitrated vinder 
vacuum Uie crude material purified by HPLC column : XTena® pi^ MSQ, gradient 20- 
80%B. 20mL/!min, AO'C, (A-O.IM NEUOAc in 0.1% CH3CN aqueous solution. B- 
CMaCN). Yidd : 38% (71 mg). 'H NMR (400 MHz. CDQa) :8 8.44 (s, 1 H), 8.34 (d. 7=4.5 
Hz. 1 H). 8.28 (d, .^.1 Hz. 1 H). 7.42 - 7.33 (m. 4 H). 7.16 (d, 7=3.5 Hz, 1 H), 7.09 - 7.02 
(m. 2 H). 6.99 (d. J=S.l Hz. 1 H), 6.77 (s, 1 H), 3.63 - 3.51 (m, 1 H), 3.09 - 3.02 (m, 2 H). 
2.54 - 2.42 (m, 2 H). 2.05 - 1.96 (m. 1 H), 1.94 - 1.82 (m. 1 H), 1.76 (ddd. 7=12.6. 9.1, 7.1 
Hz,lH), 1.56- 1.44 (m,lH). 
MS CTSP) m/z (M+1) : 374. 

Example 186 

(aS)-3-anuno-AH2'-aniliiio-4,4'-bipyridin-2-yI)-4-cyan 

(35)-5-amino-3-[(tert-butoxycarbonyl)amino]-5-oxopentanoic acid (57 mg, 0.25 mmol) 
andi\^[(dimeaiylamino)(3£f-[1.23]tiiazoIo(44-fc]pyridin-3-yloxy)methylene]-^- 
methylmethanaminium hexafluorophoq)hate (142m& 0.375 mmol) were diluted in 4 mL 
of dry N, iV-dimetiiylformamide under a nitrog«i atmosphere. DtisopropyleAylamine (64 
mg, 87jiL, 0.575 mmol) was added dropwise. After Ih stirring, a solution of iV-phenyl- 
4.4'-bipyridine-2.2*-diamine (65 mg. 0.25 mmol) in dry ^-dimethylformamide (ImL) 
was slowly added and the mixture stirred for 15h at 20°C The mixture was poured on a 
saturated aqueous solution of NaHCQj (5 mL) and extracted with etiiyl acetate (3x10 mL). 
The OTganic layer was dried over magnesmm sul&te. filtered and evaporated und^ 
vacuum to afford a crude product whidi was diluted in dichloromethane (5 mL) and 
trifluoroacetic acid (1 mL) was added. After 15h stirring, tiie solvent woe evirated 
under vacuum. The crude material was dihtted in ethyl acetate and washed 3 times witii a 
saturated aqueous solution of sodium bicarbonate. The organic layer was dried over 
magnesium sulfide, filtered and concentrated in vacuo. The crude material was purified by 
HPLC : column : XTenra® prep MSCg, gradient 20-80%B, 20mL/min, 40'*C, (A-0. IM 
NH4OAC in 0.1% CH3CN aqueous solution, B-CH3CN). Yield : 12% (11 mg). 'H NMR 
(400 MHz, MeOD-d4) :8 8.44 (s, 1 H). 8.36 (dd, 7=5.3, 0.8 Hz, 1 H), 8.18 (dd, 7=5.5, 0.8 
Hz, 1 H), 7.55 - 7.51 (m, 2 H), 7.36 (dd, 7=5.3, 1.6 Hz, 1 H), 7.31 - 7.26 (m, 3 H), 7.09 (dd. 
7=1.6. 0.8 Hz. 1 H), 7.02 (dd, 7=5.4, 1.7 Hz. 1 H), 6.99 - 6.94 (m. 1 H), 3.61 - 3.53 (m. 1 
H), 2.73 - 2.63 (m, 4 H). "C NMR (101 MHz, MeOD-d4) :8 171.85 (s. 1 Q, 158.52 (s, 1 
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Q. 153.82 (s. 1 Q, 149.88 (s, 1 Q, 149.72 (s. 1 Q, 149.39 (s. 1 Q, 148.64 (s. 1 Q, 142.40 
(s. 1 Q, 129.91 (s. 2 Q, 123.02 (s, 1 Q, 120.63 (s. 2 Q, 1 19.00 (s, 1 Q, 1 18.66 (s, 1 Q, 
1 13.34 (8, 1 Q, 1 13.01 (s, 1 0. 109.09 (s. 1 Q, 46.82 (s, 1 Q, 43.47 (s. 1 Q. 26.06 (s, 1 
Q. 

MS(TSP)wS:(M+l):373. 
Example 187 

A^.<2'<«]ijlino-4^'-b^yridin-2-yl)cydopropane-14-dicarlM)s^^ 
l-(aminocaibonyl)cydopi(9anecarboxylic acid (32 mg, 0^ nunol) andiV^ 
[(dimethylamino)(3fr-(lA3]triazolo[4>i>]pyridm-3-yloxy)iiie%l^^^ 
methylmethanamiiiium hexafluorophosphate (142 mg, 0.375 mmol) were dUuted in 4 mL 
of dry iV; iyWimethylformamide under a nitrogen atmosphae. Diisopropylethylamine (64 
mg, 87nL, 0.575 mmol) was added dropwise. After Ih stirring, a solution of N-^beayl- 
4,4'-bipyridine-2,2'-dlamine (65 n^, 0J25 mmol) in dry i^, i^-dimethylformamide (ImL) 
was slowly added and die mixture stined for 15h at 20"C. The mixture was poured on a 
saturated aqueous solution of NaHCQj (5 mL) and extracted witij ethyl acetate (3x10 mL). 
The organic layer was dried ov» magnesium sul&te, filtered and evaporated under 
vacuum to afford a ctado product whidi was purified by flash chtomatogn^hy (ethyl 
acetate/knethanol : 98/2). Yidd : 48 % (45 mg), IH NMR (400 MHz, MeOD-d4) :8 8.43 (s, 
1 H), 837 (d, .fe5.1 Hz, 1 H). 8.19 (d, J=S.6 Hz. 1 H), 7.53 (d, .^7.6 Hz. 2 H), 7.41 - 7.36 
(m, 1 H). 732 - 7.25 (m, 2 H), 7.09 (s, 1 H). 7.03 (d, .^7.1 Hz, 1 H). 7.00 r 6.94 (m. 1 H), 
1.71 - 1,64 (m, 2 H), 1.57 - 1.48 (m. 2 H). 
MS (JSP) m/z (M+1) : 374. 

Ethyldiis<qiropylamine (129 m& 1.0 mmol) was slowly added to a solution of NJNJTJ^- 
tBtramettiyl-o-(benzotiiazol-l-yl)unMiium tetrafluoroborate 021 mg, 1.0 mmol), 
hydroxybenzotriazole (137 mg, 1.0 mmol) and l-acety^piperidine-3-caiboxylic acid (171 
mg, 1.0 mmol) in 3 mL of DMF undrar nitrogen at 20 After 5min, this solution was 
added to a solution of Ar-phrayl-4,4'-bipyridine-2,2'-diamine (200 mg, 0.76 mmol) in 2 mL 
of dimethylfomuanide under nitrogen. After 2 days of stirring, the reaction was quenched 
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with a 2M aqueous solution of potassium carbonate (5 niL). The aqueous layer was 
extracted with dichloromethane. After evaporation of the solvent, the lesulting oil was 
purified by HPLC. Yield : 53 mg (17%). *H NMR (MeOEMU) :5 8.52-8.42 (m, 2H), 7.95 
(d, J = 6.5 Hz. IH), 7.58 (m, 3H). 7.51-7.42 (m, 4H), 7.34 (dd, J = 7, 2 Hz, IH), 4.53 (m. 
IH), 4.19 (m, IH), 3.98-3.84 (m, 2H), 2.99 (m, IH), 2.13 (s, 3H), 2.13-1.26 (m, 4H). 
MS(ES)m/z(M+l):416. 

Example 189 

iVK2'-amlinc>4/l*-bipyridiQ-2-yl)tetrahydrofi^^ (+) and (-) 

1-Hydroxybenzotriazole (104 mg, 0.76 mmol), 2-(lH-benzotriazole-l-yl)-l,13.3- 
tetramethyluionium tetrafluoroborate (244 mg, 0.76 mmol) and tetrahydiofuran-3- 
caiboxylic acid (72mL, 0.76 mmol) were diluted in dry iy;iV-dimethylformamide (4 mL) 
under a nitrog^ atmosphere. Diisopropylethylamine (264 pL, 1.52 mmol) was added 
dropwise. After 30 mm stirring, a solution of //-phenyl-4,4*-bipyridine-2,2'-diamine (200 
mg, 0.76 mmol) in dry i^UV'-diniediytformaniide (2 mL) was slowly added and the solution 
was stirred for 3 days at room temperature. Hie reaction mixture was poured on a aqueous 
solution of potassium carbonate (2M, 10 mL) and extracted with dichloromethane. The 
organic layer was dried ov^ magnesium sulfate, filtered and evirated under vacuum to 
afford a crude product whidi was purified by flash chromatography (ethyl acetate^thanol 
: gradient 100/0 to 90^10). Yield : 21 % (59 mg). The racemic mixture was separated by 
diiral chromatognphy to afford 10 mg of the (+) enantiomer and 10 mg of the (-) 
enantiom^. 

^H NMR (400 MHz, (3X33) :8 10.56 (s, 1 H), 8.96 (s, 1 H), 8.45 (s, 1 H), 8.36 (d, /=5.6 
Hz, 1 H), 8.01 (d, 7=6.1 Hz, 1 H), 7.49 - 7.41 (m, 2 H), 7.37 - 7.30 (m, 3 H), 7.18 (s, 1 H), 
7.12 (d, /=4,5 Hz, 1 H), 7.06 (d, 7=6.1 Hz, 1 H), 4.05 - 3,95 (m. 3 H), 3.87 - 3.79 (m, 1 H), 
3.25 - 3.16 (m, 1 H), 2.30 - 2.21 (m, 2 H). 
MS(ES)m/z(M+l):361. 

KTOinplplQfl 

N-^2*-[(4-fhiorophenyl)aiiiino]-4/t*-bipyridin-2-yl}tetrah^^ 

1-Hydroxybenzotriazole (51 mg, 038 mmol), 2-(lH-benzotriazole-l-yl)-l,l,3,3- 
tetramethyluronium tetrafluoroborate (122 mg, 0.38 mmol) and tetrahydrofuran-3- 
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caiboxylic acid (24mL, 0.25 mmol) were diluted in dryA^AMimethylfonnamide (3 mL) 
under a nitrogen atmosphere. I>iisqi»x>pylediyj[anune (87 pL, 0.50 mmol) was added 
dropwise. After 30 min stilting, a solution of i\K4-fluorophenyl)-4.4 '-bipyiidine-2,2 - 
diamine (70 mg, 0.25 mmol) in dry A;jV^<limethylfoimamide (2 mL) was slowly added and 
the solution was stirred for 3 days at room tenq)erature. The reaction mixture was poured 
on a saturated aqueous solution of sodium bicarbonate (10 mL) and extracted with ethyl 
achate (3x10 mL). The organic layer was dried over magnesium sulfate, filtered and 
evqmrated under vacuum to afford a oude product which was purified by flash 
chromatogr^hy (ethyl acetateMe^hanol : 98/2). Yield : 32 % (30 mg). The racemic 
mixture was separated by chiral chromatogr^hy to afford 10 mg of the (-) oiantiomer and 
12 mg of the (+) enantiomer.'H NMR (400 MHz, MeOD-d*) :5 837 (s. 1 H), 832 (d, 
7=5.1 Hz. 1 H). 8.12 (d, .^5.1 Hz, 1 H), 7.49 (dd, .^.1, 4.5 Hz, 2 H), 7.31 (d. ^.1 Hz, 1 
H), 7.00 - 6.94 (m, 4 H), 3.97 (t. 7=8.1 Hz, 1 H), 3.92 - 3.85 (m. 2 H), 3.81 - 3.71 (m, 1 H), 
2.18 (q, 7=7.1 Hz, 2 H). ^'F NMR (376 MHz, MeOD^) ;8 -124.05 (m, 1 F). 
MS(ES)TOt(M+l):379. 

Example 191 

Ar-{2^[(4-fluorophenyl)aminoH/t'-bipyridin-2-yl}tetrahydro^ 
carboxamide 

Tetrahydro-2^r-pyran-4-cari)ox3^c add (97 J mg, 0.75 mmoQ was dissolved in 5 mL of 
thionyl chloride and die solution stnied for 30 min at room tempoatnre. The solvent was 
removed under vacuum and the lesultmg oil was dissolved'in 2 mL diddorometiimie. This 
sohttion was added dropwise to a sohttion of J^-(4-fhiorophenyl>4,4'-bipyridine-2,2- 
diamme (70 mg, 0.25 mmd) in 10 mL of pyridine. After Ih stuiing, the solvent was 
removed under vacuum and the crude product was purified by HPLC column : XTena® 
prep MSCg, gradient 20-80%B, 20mLteiin, 40»C, (A-O.IM NH4OAC in 0.1% CH3CN 
aqueous solution, B-CH3CN). Yield : 47% (130 mg). 'H NMR (400 MHz, DMSO-de) :5 
10.63 (s, 1 H). 9.31 (s. IH), 8.49 (s, 1 H). 8.43 (d, J=5.1 Hz. 1 H), 8.25 (d, 7=5.6 Hz, 1 H). 
7.76 - 7.69 (m, 2 H), 7.45 - 7.40 (m, 1 H), 7.14 - 7.06 (m, 4 H). 3.94 - 3.87 (m. 2 H). 2.83 - 
2.73 (m, 1 H). 1.74 - 1.64 (m, 4 H). 
MS (TSP) m/z (M+1) : 393. 
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Example 192 

Ethyl 4K{2'-[(4-fluorophenyl)ammo]-4,4^bipyridin-2-yl}ainmo)-^ 
4-Ethoxy-4-oxobutanoic acid (95 mg, 0.65 mmol) and 0-(7-azab«izotiiazoI-l-yl)- 
A^.M/^'J\r'-tetraiiie%Iuroiiium hexafiuorophosidiatB (342 mg, 0.90 mmoO were diluted in 
6 mL of dry N,N-dimethylfQrmaniide under a nitcograi atmosphere. Diisoiaopylethylamine 
(74 mg, lOOuL, 0.575 mmol) was added dropwise. After Ih stining, a sohition of iH4- 
fluQrophenylH>4'-blpyridme-2,2'-diamine (140 mg, 040 mmd) in dry N J^- 
dunethylfoimamide (2njL) was slowly added and the mixture stirred for 15h at 20 C. The 
mixture was penned on a saturated aqueous solution of NaHCQs (5 mL) and extracted with 
ethyl acetate (3x10 mL). The organic layer was dried ovor magnesium sul&te, filtered and 
evq>orated under vacuum to afford a crude product which was purified by flash 
chn>matognq)hy (ethyl acetate^thanol : 98/2). Yield : 35 % (72 mg). *H NMR (400 
MHz. DMSO- dfi) :5 10.71 (s.'l H), 931 (s, 1 H). 8.46 - 8.37 (m, 2 H), 8.25 (d, 7=5.6 Hz, 1 
H), 7.72 (dd, 7=9.1, 5.1 Hz, 2 H), 7.47 - 737 (m. 1 H), 7.14 - 7.04 (m, 4 H), 4.08 - 3.98 (m, 
2 H), 2.71 (d. 7=7.1 Hz. 2 H), 2.60 (d, 7=7.1 Hz, 2 H), 1.19 - 1.1 1 (m, 3 H). 
MS (TSP) m/i (M+1) : 409. 

Example 193 

4-({2^[(4-Fiuorophaiyl)amino]-4,4'-bipyridin-2-yl}amino)-4-oxobatanolcadd 
Ediyl 4-({2'-[(4-fluoiophenyl)amino]-4.4'-bipyridin-2-yl)amino)-4-<)xobutanoate (50 mg. 
0. 12 mmol) was diluted in a mixture of ethanoI/watM/THF (5/5/3 mL). 2 mL of a 2M 
aqueous solution of sodium hydroxide woe added and the reaction mixture was stirred for 
Ih at room traiq)erature. The solution was concentrated under vacuum, fQt»ed and die 
filtrate was extracted with ethyl acetate. The aqueous layer was acidified widi acetic add 
to pH 4 and tbsa extracted with ^yl achate (3x10 mL). The organic layw was dried over 
magnesmm sulfide, filt^ and evapmated under vacuum to afford the acid. Yield : 88% 
(40 mg). IHNMR (400 MHz, DMSO- d«) :511.14 (s, 1 H). 9.34 (s. 1 H). 8.46 (s. 1 H), 
8.44 - 837 (m, 1 H), 8.24 (d, 7=53 Hz. 1 H), 7.78 - 7.67 (m, 2 H), 7.38 (dd, J=6JZ, 1.7 Hz, 
1 H), 7.15 - 7.04 (m, 4 H). 2.65 - 2.56 (m, 2 H), 2.46 - 237 (m, 2 H). 
MSCrSP)iwfe(M+l):38L 

:Examplel94 
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iV-^2^[(4-fluorophenyl)Qiiimo]-4^^bipyri 

3-CMethylthio)propanoic add (21 mL, 24 mg, 0.2S mmol) was slowly added to 1 mL of a 
IM oxal]^ chloride solution in dichloiomethane under nitrogra atmosphere at O^C. After 
30 min sdning, the solvent was removed under vacuum and the afforded oil was diluted in 
0.5 mL of dry dichloromethane. This solution was added dropwise to a solution of iVK4- 
fluorophenyl>4»4 -bipyridine-2^'-diamhie (70 mg, 0.25 mmol) in pyridine (5mL). After Ih 
stirring at 20**C, the mixture was filtered and the solvent evirated under vacuum. The 
crude material was purified by flash chromatogn^hy (ethyl acetate/ethanol . 98/2). Yield : 
38% (36 mg). NMR (400 MHz, CDQa) :5 8.46 (s, 1 H), 8.34 - 8.30 (m, 1 H), 8.26 (d, 
7=5.3 Hz, 1 H), 8.24 (s, 1 H), 7.40 - 7 34 (m, 2 H), 7.20 (dd, /=^.2, 1.7 Hz, 1 H), 7.09 - 
7.02 (m, 2 H), 6.98 (dd, 7=5.3, 1.6 Hz. 1 H), 6.92 (s, 1 H). 6^5 (s. 1 H), 2.89 (t. 7=6.8 Hz. 
2 H), 2.72 (t, 7=6.9 Hz, 2 H). 2.17 (s. 3 H). 
MS (TSP) m/z (M+1) : 383. 

E»unplel9S 

carboxamide 

(±)-l-AcetylpipmdiDe-3-<:arboxylic add (85 mg, 0.5 mmol) was dissolved in 3 mL of 
thionyl chloride and the solution was stixied for Ih at room temperature. The solvent was 
removed under vacuum and the resulting oil was dissolved in 1.0 mL dichloromethane. 
This solution was added dropwise to a solution of JV<4-fluoix)phenyl)-4,4 -bipyridine-2,2 - 
diamine (140 mg, 0.5 mmol) in 7 mL of pyridine. After 10 min stirring, the solvent was 
removed under vacuum and the crude product was purified by flash chromatography (ethyl 
acetate/methanol : 95/5 to 90/10). Yield : 17% (38 mg). ^H NMR (400 MHz, CDQs) :5 
8.86 (s, 1 H), 8.44 (s, 1 H), 8.33 - 8.28 (m, 1 H), 8.26 - 8.21 (m, 1 H), 7.40 - 7.34 (m, 2 H), 
7.23 - 7.15 (m, 1 H), 7.07 - 7.01 (m, 2 H), 6.96 (m, 2 H), 6.92 (s, 1 H), 4.60-4.50 (m. 1 H), 
3.95-3.70 (m, 1 H). 3.42 - 2.70 (m, 2 H), 2.58-2.52 (m, 1 H), 2.14 - 2.06 (m, 4 H), 2.00- 
1.80 (m, 2 H). 1.52 (m,lH). 
MS (TSP) m/z (M+1): 434. 

Example 196 
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(3R>l-AcelyI-iV-^2'-[(4-fluorophenyOaiiiiiio]-4^'4>ipyri^^ 
carbasamide 

(31i:)-l-ac^Ipiperidine-3-caiboxylic acid (75 mg, 0.44 mmol) was dissolved in 5 mL of 
ttiionyl chloride and the soluticm was stiiied for Ih at room temperature. The solvent was 
removed under vacuum and the resulting oil was dissolved in 1.S mL dichloromethane. 
This solution was added dropwise to a solution of ^-(4-fluon)phenyl)-4.4'-bipyridine-2^ - 
diamine (1 15 m& 0.41 nunol) m 5 mL of pyridine. ASber 10 min stiiring, the solvent was 
removed under vacuum and the crude product was purified by HPLC column : XTeira® 
prep MSCs, gradient 20-60%B, 20mL/min. 40''C, (A-O.IM NH4OAC in 0.1% CH3CN 
aqueous solution, B-CH3C3«0. Yield : 46% (82 mg). 'H NMR (400 MHz, CDQa) :5 8.86 
(s. 1 H). 8.44 (s. 1 H). 8.33 - 8.28 (m, 1 H), 8.26 - 8.21 (m. 1 H), 7.40 - 7.34 (m, 2 H), 7.23 

- 7.15 (m, 1 H). 7.07 - 7.01 (m, 2 H), 6.96 (m, 2 H), 6.92 (s. 1 H), 4.604.50 (m. 1 H), 3.95- 
3.70 (m, 1 H), 3.42 - 2.70 (m. 2 H), 2.58-2J2 (m, 1 H), 2.14 - 2.06 (m, 4 H), 2.00-1.80 (m, 
2H), 1.52 (m,lH). 

MS (TSP) w/fe (M+1): 434. 

KMinplP 107 

(3S)-l<ux^-A'-{24(4-ffaion>phMiyl)amino]-4^'.bipyridin-2-yl}^ 
carboxamide 

05)-l-aceQdpiperidine-3-caiboxylic add (75 mg, 0.44 mmol) was dissolved in 5 mL of 
Moayl chloride and die solution was stirred for Ih at room tsmpeataac The solvent was 
removed under vacuum and tiie resulting oil was dissolved in 1.5 mL dicUorometfaane. 
This solution was added dropwise to a solution of iV'-<4-fluorophenyl)-4>4-bipyridin&-2,2- 
diamine (1 15 mg, 0.41 mmol) in 5 mL of pyridine. After 10 min stirring, the solvoit was 

rranoved undra- vacuum and tile erode ixoduct was purified by HPLC column : XTena® 
prep MSCs, gradient 20-60%B, 20mLAaMn. 40°C (A-O.IM NH^OAc in 0.1% CH3CN 
aqueous solution, B-CH3CN). Yield : 58% (102 mg). *H NMR (400 MHz, CDdj) :6 8.86 
(s, 1 H), 8.44 (s, 1 H), 8.33 - 8.28 (m, 1 H), 8.26 - 8.21 (m, 1 H). 7.40 - 7.34 (m. 2 H), 7.23 

- 7.15 (m, 1 H), 7.07 - 7.01 (m. 2 H), 6.96 (m, 2 H), 6.92 (s, 1 H), 4.60^.50 (m. 1 H). 3.95- 
3.70 (m, 1 H), 3.42 - 2.70 (m. 2 H), 2.58-2.52 (m, 1 H), 2.14 - 2.06 (m, 4 H), 2.00-1.80 (m, 
2H), 1.52(m,lH). 

MS(TSP)m/fe(M+l):434. 
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li!«>ninl«> 10« 

l-A(wtyl-AK2^[(4-fIiionvhenyI)aiiiino]-4y4^bipyridb 
carbozamide (El) and (E2) 

l-Acetylpynolidine-3-caiboxylic acid (97 mg, 0.62 minol) was dissolved in 5 mL of 
tfaionyl chloride and the solution was stined ^ Ih at room temperatuie. The solvent was 
removed under vacuum and die resulting oil was dissolved in 1 .5 mL dichloromethane. 
This solution was added dropwise to a solution of iV-(4-fluorophenyl>4.4-bipyridine-2;2- 
diamine (141 mg, 0.51 mmol) in 5 mL of pyridine. After Ih stiiring, the solvent was 
removed under vacuum and the crude product was purified by HPLC : XTeira® piep 
MSCg, gradient 20-50%B, 20mL/min, 40''C, (A-O.IM NHjOAc in 0.1% CH3CN aqueous 
solution, B-CH3CN). Yield : 37% (80 mg). This racemate was tfien purified on a chiral 
column to aflford 2 enantiomers Bl (6 mg) and E2 (6 m^. NMR (400 MB^ CDCI3) :6 
8.67 - 8.58 (m, 1 H), 8.49 - 8.40 (m, 1 H), 8.34 - 8.28 (m. 1 H), 8.28 - 8.20 (m, 1 H), 7.41 - 
7.34 (m, 2 H), 7.25 - 7.18 (m. 1 H), 7.09 - 7.02 (m. 2 H). 6.99 - 6.95 (m, 1 H), 6.95 - 6.87 
(m, 2 H), 3.87-3.73 (m. 3 H), 3.57 - 3.47 (m, 1 H). 3.26 - 3.04 (m, 1 H), 2.44 - 2.23 (m, 2 
H), 2.09- 2.05 (m. 3 H). 
MS (JSP) mfz (M+1) : 420. 
Example 199 

3-(Aminosulfonyl)-A^-^2'-[(4-flaorophenyI)amino]-4»4'-bipyridin-2-yl}baiz^ 
3-(Aminosulfonyl)benzoic add (56 mg, 0.28 mmol) was diluted in thionyl chloride (5 mL) 
and the mixture was heated at reflux for 4h. The solvent was evqmrated and the crude 
material dissolved in 1 mL dichloromediane. This solution was added diopwise to a 
solution of iV-(4-fluQrqphrayl)-4,4'-bipyridine-2,2'-diamine (77 mfe 0.27 mmol) in S mL of 
pyridine. After 2h sttning, die resulting mixture was concentratBd in vacuo and the crude 
material purified by ISSl/Z : XTem® ptep MSCs, gradient 20-80%B, 20mLAnm, 40''C. 
(A-0.1M NmOAc In 0.1% CH3CN aqueous solution, B-CHsOq). Yield : 1.5% (2 mg).*H 
NMR (400 MHz. MeOD-dO : 5 8.58 (s. 1 H). 8.51(8, 1 H), 8.47 (d, 7=5.3 Hz, 1 H), 8.23 - 
8.17 (m, 2 H). 8.13 (d. .^=8.4 Hz. 1 H), 7.73 (t. J5r7.8 Hz. 1 H), 7.60 - 7.52 (m, 2 H). 7.47 
(dd. 7=;5.2, 1.5 Hz. 1 H), 7.11 - 7.00 (m. 4 H). 
MSCrSP)OT/z(M+l):464. 
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Exainrie200 

Efl^l 2-{[(2'-4iiilmo-4/l'4>9yridm-2-^amiDo]ii^ 

i\r-plienyl-4,4'-bipyridiiie-2^'-diainiiie (131 mg. 0^0 mmol) was dissolved in 5 mL of 
methanol and 2-fonnylcyclqpropanecaiboxylic acid ethyl ester (85 mg, 0.60 mmol) was 
added. A&sx cooling at 0°C, acetic acid was added untfl pH 4 and the reaction was stirred 
for 15 min at this temperature. Then sodium cyanoboiohydride (38 mg, 0.60 mmol) was 
added and the mixture was allowed to wann to room temperature and the reaction was 
followed by TLC unta completion. The solution was washed with a saturated aqueous 
solution of NaHCOs (20 mL) and extracted Awth ethyl acetate. The organic layer was dried 
over magnesium sul&te, filtered and the solvent removed under vacuum. The crude 
product was purified by flash chromatognqphy (ediyl acetateteiethanol : 98^). Yield : 62% 
(120 mg) as a yellow powder. *H NMR (400 MHz, MeOD-dj) : 5 8.10 (d, 7=^.6 Hz, 1 H), 
7.95 (t, 7=5.6 Hz. 1 H), 7.45 (d, 7=8.1 Hz. 2 H), 7.26 - 7.21 (m, 2 H), 6.98 (s, 1 H). 6.94 - 
6.90 (m, 2 H), 6.75 - 6.70 (m, 2 H), 4.04 (q, 7=7.1 Hz, 2 H). 3.56-3.19 (m. 2 H), 1.70 - 1.64 
(m. 1 H). 1.61 - 1J3 (m, 1 H), 1.21 - 1.15 (m. 3 H). 1.13 - 1.07 (m. 1 H). 0.92 - 0.84 (m. 1 
H). 

MS(ES)jn/i(M+l):389. 
Example 201 

2-{[(2'-Aiiilino-4y4'4>iR|rridm-2-yI)amino]iiieayl^ add 
B&yl 2-{[(2'-anilino-4.4'-^pyridin-2-yl)amino]mediyl}cydopcopanecarbox^ate (120 mg, 
0.31 mmol) was dissolved in a mixture of THF/H20 (2:1) (6mL). Then, potassium 
hydroxide (21 mg, 0.37 mmol) was added and the mixture stirred for 20h at 20«'C. THF 
was evaporated and the aqueous layer extracted with ethyl acetate (2x10 mL). The aqueous 
layer was dUuted (with 5 mL H2O) and acidified with acetic add until pH 5. The acidic 
mixture was extracted with etiiyl acetate ^10 mL). The oiganic layer was dried over 
magnesium sulfate, filtered and concaitrated under vacuum to affoid the acid as a pure 
product Yield : 54% (60 mg). *H NMR (400 MHz. CDQa) :5 8. 18 (d, 7=5.6 Hz, 1 H), 
7.98 (d, 7=5.6 Hz, 1 H), 7.61 (s, 1 H), 7.39 - 7.30 (m, 4 H), 7.1 1 - 7.03 (m, 2 H), 6.88 (d, 
7=4.0 Hz, 1 H), 6.71 (d, 7=5.6 Hz. 1 H), 6.52 (s, 1 H), 3.50 (dd, 7=13.1, 6.1 Hz, 1 H), 3.00 
- 2.90 (m, 1 H). 1.78 (d, 7=6.1 Hz, 1 H), 1.66 - 1.55 (m, 1 H), 1.37 - 1.28 (m, 1 H), 0.92 - 
0.85 (m.lH). 
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MSCrSP)m/&(M+l):361. 

A'.<2'-aiiiliiu>-4,4'-bipyridm-2-yl)t^rahydro-2H-p (59 mg, 0.157 mmol) 

was dissolved in THF (5 mL) under N2 atmosphere and the solution was cooled at 0°C. A 
sohition of DIBAL IM in hexane (2 ml. 2.0 mmol) was added dropwise and the solution 
was stirred at 25°C for ISh. H2O (2 mL) was added and stirring continued for 30 min. The 
solution was filtered on a celite'^ pad and extracted with ethyl acetate. The organic layer 
was concentrated under vacuum and tiie cmde material purified by HPLC. Yield : 71 % 
(40 mg). NMR (400 MHz. CDCI3) :5 8.22 (d, .^3 Hz. 1 H). 8.08 (d, 7=5.3 Hz, 1 H), 
7.37 - 7.27 (m. 5 H), 7.11 - 7.02 (m, 2 H), 6.90 (d, J=53 Hz. 1 H), 6.71 (d. J=S3 Hz, 1 H), 
6.48 (s, 1 H). 5.24 (s. 1 H). 3.98 (dd, 7=11.1. 3.5 Hz. 2 H), 3.42 - 333 (m, 2 H), 3.20 (d, 
7=3.5 Hz, 2 H), 1.91 - 1.80 (m, 1 H), 1.70 (dd, 7=13.0, 1.9 Hz, 2 H). 1.36 (m. 2 H). 
NMR (101 MHz, CDQa) :6 159.20 (s. 1 Q, 156.67 (s, 1 Q, 148.70 (s, 1 Q, 148.61 (s, 1 
Q, 148.28 (s. 1 C), 148.15 (s, 1 Q, 140.09 (s, 1 Q. 129.41 (s. 2 C). 123.25 (s. 1 Q. 120.68 
(s. 2 Q, 113.03 (s, 1 Q, 110.85 (s, 1 Q, 105.70 (s, 1 Q. 104.11 (s. 1 Q, 67.65 (s, 2 Q, 
48.14 (s, 1 Q, 35.07 (s, 1 Q, 30.88 (s, 2 Q. 
MS(ES)m/^(M+l): 361. 

Example 203 

iV-pheDyI-^-(tetrahydr(rfkiran-3-yIiiietfa]1)w|^ 

A^-^'-anilino-4,4'-4iq>yridm-2-yI)tetrahydiofnran-3-c^ (43 mg, 0.12 mmol) was 
dissolved in THF (5 mL) undo- N2 atmosphere and the solution was cooled at O'C. A 
solution of DIBAL IM in bexane C2 ml, 2.0 mmol) was added dropwise and the solotion 
was stirred at 25°C for 15h. H2O (2 mL) was added and stirring continued for 30 min. The 
solution was Sltsxed (m a cdite pad and extracted with ^yl acetate. Tlie organic layer was 
concentrated under vacuum and tile crude material purified by HPLC. The product was 
treated witij 1 eq. HQ (aq.) and fieeze dried to give ttie HQ salt Yield : 61% (28 mg). *H 
NMR (400 MHz, MeOD-d4) :6 8.16 (d, 7=5.6 Hz, 1 H), 7.90 (d, 7=6.6 Hz. 1 H), 7.47 (d. 
7=8.6 Hz, 2 H), 7.32 - 7.24 (m, 2 H), 7.10 (s, 1 H), 7.06 -6.97 (m, 3 H), 3.91 - 3.80 (m, 2 
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H). 3.77 - 3.68 (m, 1 H), 357 (dd, ^.6, 5.1 Hz, 1 H), 3.33 (d, 7=7.6 Hz, 2 H), 2.60 (s, 1 

H). 2.12 (d, 7=13.1 Hz, 1 ^), 1.68 (s, 1 H). 

MS(ES)m/^(M+l):347. 



list of abbreYiatimis 


SPA 


sdntHlalion prorimi^ assay 


ATP 


adenosine tripho6[diate 


ATF 


Activating transcr^on &ct(Hr 


MOPS 


3-[iV-Motpli<dino]-pnq[Muiesii]fonic add 


E6TA 


Efli^e g]brcol-bis(p-aminoefliyieilier>^^^VV'-trttaac^c add 


DTT 


ditiuothrdtol 


JNK 


Jon N-terminal kinases 


MAP 


mitoeen-actiYated motdn 



BMogical eyahiation 

The compounds of this invention may be assayed for their activity acxxnding to the 
following procedure: 

A scintillation proximity assay (SPA) based on the inhibition of JNK3 catalyzed transfer of 
the 7-phosphate group of [y-^^P] ATP to biotinylated ATF2, has been set up to identify 
inhibitory compounds. The resulting ^"^-labeled biotinylated ATP2 is trapped on SPA 
beads surface coated with stceptavidin. 

The assay is performed in 96-wdl plates. Test compounds made up at 10 mM in DMSO 
and 1:3 serial dilutions are made in 100% DMSO. These serisd dilutions are then dUuted 
1:10 m assay buffer (50 mM MOPS pH 7.2, 150 mM. NaQ, 0.1 mM EGTA, 1 mM EOT, 
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6.25 mM P-glyceiolphosphate) and 10 )xl ate transfistred to assay plates (lesults in 2% 
DMSO final concentration in assay). To each well wiA test compound a 2.4 ^1 JNK3/ATP 
enzyme solution (1.18 U/ml JNK3. 20 jiM ATP, 2 mM Mg(Ac)2, 0.01 % Brij-35 in assay 
buffer) was added. The mixture was pre-incubated for 10 minutes at ambient temperature. 
After this, 3.6 \x] of a [y-^^Pl ATP-solution (0.20 pCi/jil [y-^^J ATP, 66.6 mM Mg(Ac)2, 
1 mM DTT, 50 mM MOPS pH 7.2, 150 mM NaQ, 0. 1 mM EGTA) was added to each 
well followed by 10 ^1 a ATF2 solution (60 jig/ml biotinylated ATF2 in assay buffer) to 
start the reaction. The reaction was allowed to proceed for 10 minutes at ambient 
temperature. After diis, the reaction was terminated by the addition of 200 (il per well of 
stop buffet/bead mix (0.4 mg/ml streptavidin coated SPA-beads in 50 mM EDTA, pH 7.6). 
Plates were sealed with a plastic cover and centrifuged (2000 ipm, 5 minutes) to settle the 
beads followed by counting in a Wallac 1450 microbeta™. 

The ICso values were calculated as the concentration of test conqx)und at which the ATF2 
phosphoiylation is reduced to 50% of the control value. 



Results 

Typical Kj values for the compounds of the present invention are in the range of about 
0.001 to about 10,000 nM. Other values for IQ are in die range of about 0.001 to about 
1 000 nM. Fmther values for £4 are in the range of about 0.00 1 nM to about 300 nM. 
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CLAIMS 



1 . A compound of the general Fonnula I 




wherein: 

is aiyl or heteroaryl, each of which is optionally substituted with one or more of 
R'. OR^ OCOR^ COOR^ COR^ CONR^^ NHCOR^ NR'R*. miSOJSi\ S02R^ 
SOaNR^R*. SR^ CN, halogeno and NO2; 

R^ is R^ R\ COR^COR^ CONHR^ CONHR*. COH(R%, COOR^ COOR*. 
SOzR^orSOzR^ 

R^ and R'^ are eaiih indeiiaulently hydrogen, Ci^ aD^ alkenyl, C24 ali^yl, 
CMcydoalkyl, (CMcycloalkyl)CMalkyl, heterocycle, heterocycleCi^alkyl, Cm 
fihioioall^l, Ci^trifluotoalkoxyl; 

R^ is aiyl or heteroaryl, eadi of which is optionally substituted with one or more of 
R^ OR^ OCOR', COOR^ COR^ CONRV, CONHOR^ NHCOR^ NRV, 
NHSO2R', SOaR', SQzNRV, SBJ, R'SR", CN. halogeno, oxygen and NO2; 

R* is hydrogen, Cw alkyi, cycloalkyl, (Ca^ cycloallqrlx:i^ alkyl, heterocycle, 
heterocycleC w alkyl, heteroarylCw alkyl, arylCi^ alkyl. Cm alkoxyl, or Cm 
alkenyl, wherein any of Cm alkyl, Cj^ cycloalkyl, (C^ cycloalkyl)CM alkyl, 
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heterocycle, heteiocycleCw alkyl, heteioarylCi-^ alkyl, arylQ^ alkyl. Ci^ Jilkoxyl 
and alkmyl is optionally substituted with one or moie A; 

and R* arc each independently hydrogen, alkyl. Cm cycloall^l, (C« 
cycloalkyl)Cm5 alkyl. Cm alkenyl, aryl, heteroaryl, heteioarylCi-6 alkyl, heterocycle, 
heterocycleCi-ealkyl. aiyl, Ci^ftaon>alkyl and Ci^cMon)alkyl,w 
alkyl, CMcycloalkyl, (Cm cycloalkylXIi-e alkyl, C^^ alkenyl, heteroaiyl, 
heteroaiylCi^ alkyl, heterocycle and heterocycleCi-6 alkyl is optionally substituted 
witti one or more B; 

R^ and R^® are each independently hydrogen, Ci^ alkyl, C^ cycloalkyl, (Cm ' 
cycloalkyl)Ci^ alkyl, €2^ alkenyl, heterocycle, heterocycleCi-6 alkyl, heteroaryl, 
heteroarylCi^ alkyl, aryl or arylCi^ alkyl, wherein any of Ci^ alkyl. Cm cycloalkyl, 
(C3-8 cycloalkyl)Ci^ alkyl, Cz^ alkenyl, heterocycle, heterocycleCi^ alkyl, 
heteroaryl, heteroarylCi^ alkyl, aryl or arylCi-6 alkyl is optionally substituted with 
one or more B; 

A is R^ OR^ OCOR^ COOR^ COR^ CONR CONHOR^ NHCOR^ NR^^^ 
NR^SOaR^^ S02R^ SQzNRV^ SR^ R^SR^^ ,CN or halogeno; 

B is Ci-6 alkyl, Ci^ alkoxyl. C^ alkylamino, di(Ci^ alkyl)amino or halogeno; 

as a free base or a salt, solvate or solvate of salt thereof. 

2. A conq)ound according to claim 1, whmin 

R* is aryl or heteroaryl, optionally substituted with one or more of R^, OR^, NR^^ 
halogeno or NO2; 

R^ is R^ R^ COR^ COR^ CO^IHR^ CONHR^ COOR^ or SOaR^; 

R^ and R"* are each indq>endently hydrogen, Ci^ alkyl or Ci^ fluorx)alkyl; 
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is aiyl or heteroaiyl each of which is optioiMdly substituted with one or more of 
R\ 0R\ COOR'. COR\ CX)NHOR^ NRV. SOJSi\ SQ^NRV. SR', halogeno, 
oxygeaandNOz; 

R^is hydrogen, CMalkyl, (CMcycloalkyl)CMalkyl, heterocycle. heterocycleCi^ 
alkyl, wherein any of Cm alkyl, (C« cycloalkyl)Ci^ alkyl or heterocycle is 
opti(HuiIIy substituted with one or more A; 

R^ and R" are each mdependentiy hydrogen, alkyl, C« cycloalkyl, aryl, 
hetenx^le,wherein any of Cw alkyl is optionaUy substituted witii one or more B; 

R' and R'° are each independenfly hydrogen, or alkyl, wherem any Cm alkyl is 
optionally substituted with one m more B; 

A is COOR', COR', C0NRV°, NHCOR', NRV°, SR', R'sr'*> , or CN; 
B is halogmo or di(CM alkyl)anuno. 

A confound accordmg to claun 1 or 2, whoein R* is aiyl optionalty substituted 
wifli one or more of R^ OR^ and NR^". 

A conq>ound according to claim 3, whraem said aiyl is phenyl. 

Acompound according to claim 3 or 4, wh«ein R' is selected from C^ 
fluoroalkyl, methyl and halogeno. 

A conqyound according to any one of claims 1 to 5, wherein R^ is selected fiom R^ 
COR*andCONHR*. 

A conqpound according to claim 6, whwein R^is aryl, optionally substituted witii 
one or more of R', OR', COOR'. COR^, C0NH0R\ NRV, SOaR', SO^NR^R'. 
SR', halograo, oxygen and NOz- 
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8. A compound accoiding to daim 7. whmin and aie each independently 
hydrogen, Ci^ all^l. Cm cycloallcyl, aryl. heterocycle, wherein alkyl is 
optionally substituted with one or more B, said B being halogeno. 

9. A conq>ound according to any one of clauns 1 to 5, wherein R^ is selected fern R^ 
COR^ CONHR*^ and SQjR^ 

10. A compound according to claim 9, wh^in R^ is selected fiom hydrogen, Ci-6 alkyl, 
(C3^ cycloalkyl)Ci^ alkyl. heterocycle, heterocycleCi^ alkyl, wherein any of Ci-6 
alkyl, (Cs^ cycloalkyl)Ci^aIlc/l and heterocycle £5 optionally substituted with one 
or more A. 

11. A compound according to claim 9, wherein said A is selected ftom COOR^ COR^, 
CONR^'^ NHCOR^ NRV^ SR^ R^SR^° and CN; and R' and R'° are each 
independently hydrog^ or Ci^ alkyl. 

12. A compound which is 
iy^-Bis[4Ktrifluoromethyl)phenylH.4*-bipyri^ 
iVJV-Bis(4-fluorophenylH.4*4ripyridine-2;i*-^^ 
WV^'-Bis(3,4-difluorophenylH.4'-bipyiidine-2;2*^ 
i\USr'-Bis[3Ktriflnoroniethyl)ph»ylH,4'^ 
iV^-Bis[3-(tiifluoromethoxy)phOTyl]-4,4*4>ipyrid^ 
iVJV-Bis(2-fluorophenylH,4'-bipyridine-2,2*-dianm 
i\ysr'-Bis(2-methylphenylH,4'-bipyiidine-2;2'Kliam^ 
A'^"Bis(2-animophenylH.4'-*ipyridine-2,2'-diamme 
MA^'-Bis(2-methoxyphenylH,4*-bipyridine-2,2*-diamine; 
^;iV'-Bis(2-^thoxyphenylH»4'-bipyridine-2,2*Hiia^ 
M(2-aniMna-4,4-bipyridin-2-yl>traw-4-methoxycyclo^ 
iV-(2'-anilino-4,4-bipyridin-2-yl)-ciy-4-methoxycyclohexanea 
iV"{2-[(4-fluorophenyl)amino]-4,4-bipyridin-2-yl}-/rany^ 
cyclohexanecarboxanoide; 
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iV-{2'-[(4-fluorophenyl)ainino]-4,4'-bipyridm^ 

cyclohexanecaiboxamide; 

iV-<6-mefliylpyridm-2-yl>W*-phenyl-4,4'-bq^ 

iV^phenyl-iV'-pyridm-2-yl-4,4'-bipyridine-2;2*^ 

^-{4-[(4-methylpiperazm-l-yl)sulfonyl]phenyl}-^'-pte^ 

diamine; 

N-phenyl-N'-pyridin-3-yl-4,4*4)ipyridin&-2^'-^amii^ 

N-phenyl-N'-pyiiniidin-2-yl-4,4-bipyridine-2^*«^ 

N-phenyl-N'-pyrimidin-5-yl-4,4-bipyridme-2;2*-Klia^ 

(2E>l-{4-[(2-amIino-4,4-bipyridm-2-yl)amm 

en-l-one; 

4-[(2-amlino-4,4-bipyridin-2-yl)anuno]-NK2-py^ 
ylethyl)benzenesulfoQamide; 
4-[(2-anilino-4,4-bipyridin-2-yl)ammo]-N-^ 
ylethyl)benzenesulfonamide; 

N-{4-[(4-ethylpiperaan-l-yl)sulfonyI]phenyl}-N'-p^^ 
diamine; 

N-phenyl-N-pyridin^yl-4,4*-bipyridine-2^'-<i^ 

NK2-anmno-4,4'-bipyridin-2-yl)tetiahydrofu^ 

N-<2-aniIino-4,4'-bipyridin-2-yl)-3-piperidin-l-yIpr^ 

NK2'-aniIino-4,4'-bipyridm-2-yl)tetrahydn)f^ 

N-<2 -aniImo-4,4*-bipyrid]n-2r-yl)nicotinanu^ 

N-<2-anilino-4,4-bipyridin-2-yl>4-(dimetfaylamino)ben 

NK2-anilino-4,4-bipyridin-2-yl)-2,6-diniethoxy^ 

N-<2'-anilino-4.4'-bipyridin-2-yl)-lH-indole-2K:ai^ 

N-(2-aiiilino-4,4-bipyridin-2-yl)pyridme-2^:^^ 

N-<2-anilino-4,4-bipyridin-2^yl)-3-ftiraniide; 

NK2-aniIin<>-4,4-bipyridin-2-yl)-lA3-thiadia2»le-^ 

N-<2-anilino-4,4-bipyiidin-2"yl)isoxazole-5-caibox^ 

N-(2'-anilino-4,4'-bipyridin-2-yl)-5-methylisoxazole-3H^ 

N-(2-anilino-4,4'-bipyridin-2-yl)pyra2ine-2-^^ 

N-<2'-anilino-4,4-bipyridin-2-yl>-l-methyl-lH-i^ 
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N-<2'-anilina-4,4'-bipyridin-2-yl)-2-f^^ 

N-(2'-anilino-4,4-bipyridin-2-yl)-4-^^ 

N-(2-anilino-4,4-bipyridin-2-yl)-5-bn)mo-2-fi^^ 

NK2-anilino-4,4-bipyridin-2-yl)-2-<methy^^ 

Methyl 4-{[(2*-anilino-4,4'-bipyridin-2-yl)ainmo]c^ 

3-{acetylammo>N<2'-anilino-4,4'4)ipyridin-2^^ 

N-<2'-anilmo-4,4-bipyridin-2-yl)-4-oxo-4^ 

caiboxainide; 
NK2*-amlino-4,4*-bipyridm-2-yl>5-[(p^ 
N-<2*-aiiilino-4,4 -bipyriclm-2-yl)ma)t^^ 1-oxide; 
N-(2'-anilinc>4,4-bipyridin-2-yl>3-hydn>xypyridine-2-^^ 
N-<2-anilin<>4,4'-bipyridin-2-yl>6-bromopyridm^^ 
N-(2 -anilmo-4,4-bipyridk-2-yl)isomcotmamid^ 1-oxide; 
N'<2'-amlino-4,4-bipyridin--2-yl>2-hydroxym 
N-(2-anilino-4,4-bipyridin-2-yl>-6-hydroxypyrito 
N-(2'-anilinc>-4,4'4)ipyridin-2-yl)-3-ben2oylp^ 
N-<2-anilmo-4,4-bipyridin-2-yl)-6-methylpj^ 

N-<2'-anilino-4,4*4>ipyridm-2-yl>3,5^^ 

N-<2'-anilino^,4*-bipyndm-2-yl>2-xnetho 

N-<2'-anilmo-4,4'-bipyridin-2-yl)^ 

N-<2'-aiulin(>-4,4*-bipyridm-2-yl>2K:M 

N-<2-aiulm(>4,4'-bipy]idin-2^yl)-5-m 

N-<2-anilmo-4,4'4>ipyridin-2-yl)-3-methyli 

N-<2*-anilino-4,4'-bq>yridm-2-yl)-l-i^ 

N-<2*-amlino-4,4*4)ipyridm-2-yl>2-cWoroiu^ 

N-(2'-aiiilino-4,4'-bipyridm-2-yl>5^hloro^ 

N-(2*-anilino-4,4'4)ipyridin-2-yl)-4-cWor^ 

NK2-aIlilmo-4,4'-bipyridin-2-yl>5-methy^ 

(2E)-N-(2'-anilino-4.4^bipyridm-2-yl>3-(3-f^^ 

N-(2'-anilinc)-4,4^bipyridin-2-yl)-3-(2K)^^ 

N'-(2*-anilko-4,4'-bipyridm-2-yl)-NJ»J-^ 

N-{2'-anilmo-4,4'-bipyridin-2-yl)-2-[(4-chlor^ 
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N-<2'-anilmo-4,4'-bipyridm-2-yl)-5K)xoprolinain^ 

Ar-^'-anilino-4,4'-bipyridm-2-yl>3-m^oxy[mji^^ 

N-(2'-anilmo-4,4'-bipyridm-2-yl)-4-ineAoxycyclohexaii^^ 

N-<2-anmncMj,4'-bipyridin-2-yl>3-metfioxypropanainide; 

N-<2'-anilino-4,4'-bipyridm-2-yl)tetrahydrofinan-3<^ 

NK2'-anilmo-4,4'-bipyridin-2-yl)-4-(diinethylan^ 

N-<2'-aniImo-4,4'-4>ipyridJn-2-yl)mcotiiiaii]ide: 

N-<2'-aiiilino4,4'-*ipyridm-2-yl>4-(diniethylaiirino)bei^^ 

N-<2'-amliiio-4.4'-bq>yridm-2-yl>2,6-diiiiettioxymc^^ 

N-<2'-«iiilinb-4,4'-bipyridin-2-yI)-lH-indole-2Haiboxan^ 

N-^'-^nilino-4,4'-bipyridm-2-yl)-5-methylpyrazme-2KMito 

N-<2'-anilmo-4,4'-bipyridk-2-yl)pyridine-2-<aiboxaimd^^ 

N-<2-amlino-4,4-bipyridiii-2-yl)-3-furaimde; 
AK2'-«uliiio-4,4'-bipyridm-2-yl)-i\r-phenylurea; 

N-<2'-anilino-4,4'-bipyridm-2-yl)-N'-phenylurea; 

N-<2'-anmno-4,4'-bipyridin-2-yl)-N'-[l-(4-bromophenyl)ethyl]urca; 

N-(2'-amlino-4,4'-bipyridiii-2-yl)-N'-thien-3-ylurca; 

N-{2'-anilino-4.4'-bipyridm-2-yl)-N'-(2-methylphenyl)iirea; 

NK2-aiiilm(>4,4'-bipyridin-2-yl>N'-<4-methylphenyl)uiBa; 

N-<2'-anilino-4,4^bipyridm-2-yl)-N'-(3-fluorophenyl)urea; 

N-<2'-aiulm<>4,4'-*ipyri(Un-2-yl>N*-<2-fluoiophenyl)area^ 

N<2'-aiiilino-4,4'4>ipyridin-2-yl>N'-(4-fluorophaiyl)urea; 

NK2'-anilino-4,4'-bipyridin-2-yl)-N'-[4<cWoromethyl)phra^ 

N-(2'-anilino-4,4'-bipyri<lm-2-yl)-N'-(3-<7anophaiyl)urea; 

NK2'-aiiilmo-4,4'-*ipyridiii-2-yl)-N'<4<yanophenyl)^^ 

N-<2'-aiiilino-4,4'-4)ipyridin-2-yl)-NH2-<:yadophenyl)ute^ 

N-<2'-aiiilin<>4,4'-bipyridin-2-yl)->rK23-diinethylphe^^ 

N-(2'-anilm()-4,4'-bipyridm-2-yl)-N'-<2>diiiie^ 

N-(2-aiulin(>^,4'-^ipyridin-2-yl)-N'-(4-etfayIphray 

N<2-aiiilmo-4,4-bipyridin-2-yl)-N'-(3-ethylphenyl)urea; 

N-<2'-aiimno-4,4'-bipyridin-2-yl)-N'-(4-methoxyphenyl)urea; 
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N-(2'-aiiilmo-4,4'-Wpyridm-2-yl)-N'K3-xnetboxyphenyl)^^ 

N-<2'-anilino-4,4'-*ipyridin-2-yl)-N'K2-ii»tlioxy^ 

N-(2'-aii0mo-4,4'-bipyridm-2-yl)-NH5-fhion>-2-metiiylph^^ 

N-<2'-aiiiliiio^,4'-bipyridiii-2-yl)-NH2-fluQro 

N-(2-aiiilino-4.4'-Wpyridm-2-yl)-N'-(2-fliioio-5Hnethylph^ 

NK2-aniliiio-4.4'-Iiipyridiii-2-yl)-N'-(3-fIu(m>beii^ 

NK2'-^nilmo-4,4'-bipyridm-2-yl>NX2-chlorophenyl)urea; 

N-<2*-anilmo-4,4'-*ipyridin-2-yl>N'-(3-chlorophenyl)iiiBa; 

N<2'-anilino-4,4'-bipyridin-2-yl>N'-(2-chloroben2yl)urea; 

N-(2'-anilino-4,4'-bipyri(iin-2-yl>N'-(2^fluc>rophenyl)iirea; 

NK2'-anilin(>4,4'-bipyridm-2-yl>N'-(2,4-difluorophenyl)urea; 

N<2'-anilmo-4,4*-bipyridin-2-yl>N'-<3,4KficMorobeii2yl)iiiea^ 

N<4-acetylphOTyl)-N'K2'-anilino-4,4'-bipyridiii-2-yl)ure^ 

N-(3-acetylphenyl)-N'-(2'-aniliiio-4,4'-bipyridin-2-yl)iirea; 

NK2'-aiulmo-4,4'^ipyridin-2-yl>N'-<4-isopiDpylphenyl)urei^ 

N-<2'-aiiilmo-4.4^bipyridm-2-yl)-N'-(2-isopn^ylphenyl)urea; 

N-(2^amlino-4,4'-bipyiidin-2-yl)-N42-«thyl-^methylphenyl^ 

N-(2'-aIlilmo-4,4'-bipyridiI^■2-yl>N•-mesilylurea; 

N-<2'-aiiilmo-4,4'4)ipyiklm-2-yl>N'K2-propy^hOTyl)ure^ 

N-<2'-anflino-4,4'4>q)yridin-2-yl>N'-[4Kdiinelhylain^ 

N-(2'-anflino^,4'4>ipyridiii-2-3rt)-N"-l>baizodioxol-5-ylure^ 

NK2'-anilino^,4'4)ipyridiii-2-yl)-N"-<4-inethoxy-2-inethy^ 

N-<2'-aiiilino-4,4'-*ipyridin-2-yl>N'K2-inethoxy-5-iiM^ 

N-(2'-amlino-4,4'-*ipyridin-2-yl>N'K4-etIioxyphenyl)urea; 

N-(2'-aIlilmo-4.4•-bipyridin-2-yl>^^K4-methoxybeIlzyl)^^ 

N-^'-anilm()-4.4'-bq7ridin-2-yl)-N'-(4-nitiophenyl)iii^ 

N-(2'-aiii]m(>4.4'-bipyridm-2-yl>N'-(3-mtrophenyl)uiea; 

N-<2'-anilin(>4,4'-4)ipyridm-2-yl)-N'-[3KmethyltWo)phenyl]iTO 

N-<2'-aiuIino-4,4'-*ipyridin-2-yl)-N'-[4-(me%ltWo)phenyl]u^ 

N-(2'-anilino-4,4'-bipyridm-2-yl)-N'-(2-iiiethylbenzyl)urca; 

N-(2'-anilino-4,4'-bipyridin-2-yl>NH5-cWoro-2-methylphenyl)urea; 

N-<2'-aiulino-4,4'-bipyridin-2-yl>NH2-«Mon>-5-me%lp^^ 
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N-<2'-aiiilmo-4,4'-bipyridin-2-yl>N'-<2s;Worobeii2yl)ai^ 

N-<2*-anilmo-4,4'-*ipyri(im-2-yl>N'-(3<hloro-4-flu<m^ 

N-<2'-anilino-4,4'-*ipyridm-2-yl>N'-<2A4-tifflu(m)phenyl)u^ 

N-<2'-anilino-4,4'4)ipyridm-2-yl>N'-(4-butylphenyl)urea; 

NK2'-aiiilm<>4,4'-*ipyridm-2-yIVN'-(2-isopropyl-fr-n^ 

NK2'-4iiflm<>4,4'^)jpyridm-2-yl)-N'-(2-tert-butylphen^^^ 

methyl 4K{[(2'-anilmo^,4'4jipyridm-2-yl)ainino]ca^ 

N-<2'-aniIino-4,4'-bipyiidin-2-yl>N'-(3,4Kjtoethoxyphenyl)u^ 

N-(2'-aiulmo-4,4'-*ipyridin-2-yl)-NH3,5-^ethoxyphenyl)urc^ 

N-(2'-anilinc>4,4'^)ipyridin-2-yl)-N'-(3-cMoro-4-methoxyphenyl)urea; 

N-(2'-anilin<v4,4'-*ipyridm-2-yl)-N'-[4^difhioromethox^^ 

N-<2*-anilmo4,4'-bipyridin-2-yI>>r-[2-(trifluoromethyl)phen^^ 

N-<2'-anilmo-4,4'-bipyridin-2-yl>N'-[3-<trifluoromethyl)phenyl 

N-(2^aniIino-4,4'-bipyridin-2-yl>N'-[4-(trifluoron»thyl)pheny 

N-<2'-anilino-4,4'-bipyridin-2-yl)-N'-<2,5-Kiicmoiophenyl)urea; 

N-(2'-aiulino-4,4*-bipyridm-2-yl)-N'-<3^-dicUonq)hrayl)^^ 

NK2'-anmn(>4,4'-bipyridm-2-yl)-N'-(3,4-dichlorophenyl)urea; 

NK2'-aiiflmo-4,4'-bipyridin-2-yl>N'-<23Hfichlorophenyl)urca; 

NK2'-aniliiio-4,4'^>ipyridiiH2-yl>N'-<2,4-diddoropheoy^ 

NK2'-aiiilmo-4,4'-*ipyridiiH2-yl)-N'-<4-broino-3-ine%lpli^ 

N-(2'-anilino-4,4'^)ipyridiii-2-yl)-N'-(2,6-di<±loro^ 

N-(2'-aiuliiio^,4'4ripyri(im-2-yl)-N'K4-balyl-2rin^ 

N-<2'-aiulino-4.4'-bipyridm-2-yl>N'-[5-methyl-2Kti^ 

ethyl 3-({[(2'-«ulmo-4,4^bipyridm-2-yl)ainmo]caibon^ 

NK2'-aiimno-4,4'^Mpyridm-2-yI)-N'-(4-butoxyphenyl)atea; 

NK2'-anilmo-4,4'^)ipyridin-2-yl)-N'-(2,6-dusopropylphenyl)ure^ 

N-<2'-aiulmo-4,4"^)ipyridiii-2-yl>N'-(4-methylbenzyl)uiea; 

N-(2*-aiiflmo-4,4'^)ipyridm-2-yl>N'-<5K:hlor()-2,4-dimeA^^ 

N-<2'-aiiilino-4,4'-bipyridin-2-yl>N'-{4-[(triflaoromethyl)tW^^^^ 

N-(2'-aiulm(>-4,4'-bipyri{im-2-yl)-N'-[3,5-bis(trifluorome%^^ 

l-acetyl-Ar-(2?-anilm(>-4,4'-bipyridin-2-yl)piperidine>^^ 

AK2'-anilmo-4,4'-bipyridm-2-yl>5-oxoprolmami<le; 
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A^-acet^-A^-^'-anilm(>-4,4'-b^yridiii-2-^>Maiimao^ 
^K2-aiulino-4,4'-4>ipyridJn-2-yl)piperidjii&^^ 
3-ammorAK2-aiiilm(>-4,4-bipyadin-2-yI)1nitan^^ 
Ar-(2-aiiilko4.4'-4)ipyridin-2-yl)-]>pn>liiiainide; 
AK2'-anj]ko-4,4'-4)ipyridm-2-yl)acetamide; 
Methyl 2 -aiiiIino-4,4'-bipyiidiii-2-yIcaibaiiiate; 
AK2-aiiiIino-4,4'-bipyridm-2-yl)methanesulfonainide; 
AK2-anffino-4,4'-bipyridin-2-yl)cyclohexanecaiboxamide; 
l-Acetyl-i\K2'-aiiilmo-4,4'-bipyridin-2-yl)piperidme-2K:aibox^ 
l-Acetyl-i\K2'-anilino-4,4'-bipyridin-2-yl)piptddine-3K:aiboxam 
E%14-[(2'-anilino-4,4-bipyridin-2-yl)animo]-4-oxobiitanoate; 
iyK2'-anilino^,4-bipyridm-2-yl)tetrahydiofuran-2-<a^ 
(5)-3iV2-acetyl-M-(2'-aiiilino-4,4'-bipyridm-2-yl)inetiuoim 
iVK2'-anilino-4,4'-bipyridm-2-yl)tetrahydro-2& 
Ethyl 3-[(2*-aniIino-4,4'-bipyridin-2-yl)amino]-3H)xopropano^ 
^■■<2'-aiiilko-4,4-bipyridin-2-yl)-3KinethyllWo)pitq>ana^ 
(±)AH2'-anilino-4,4'-4>ipyridm-2-yl>2-i)ynoUdm-2-ylac^^ 
(35^3-ainmo-iV^'-anamo-4,4'-bipyridm-2-yl)^^ 

Aa<2'-anilmo-4,4'4>ipyridm-2-yl)cyclopropane-14-dicari^ 
(55>l-acetyl-JVK2'-anilmo-4,4'-*ipyiidin-2-yl)^^ 
^-(2'-anilm<>-4,4'-*ipyridu»-2-yl)tetrahydn)fo^ (+) and (-); 

^-{2-[(4-flu(m)phenyl)aiiimo]A4'4>ipyridai-2-yl}te^ 

Ar-{2'-[(4-flu(m>phenyl)aiiiino]-4,4'-bipyridiii-2-yI}tettahyd^ 
caiboxamide; 

Ethyl 4K{2'-[(4-fluoiophenyl)ammo]-4,4*-bipyridm-2-yl)aniino)^ 

4-({24(4^uorophenyl)ammoH.4'-bipyridiiH2-yl}ainko)-4-o 

^-{24(4-fluorophenyl)ammo]-4,4'-bipyridm-2-yl}-3-(inethyltUo)pro^ 

(:^l-Acetyl-iV^{24(4-fluorophenyl)aminoH,4'-bipyridm-2-yl}pipOT 
caiboxamide; 

(3/?>l-AcetyI-Ar-{2'-((4-fluorophenyl)animo]-4,4'-*ipyridin-2-yl}piperid^ 
carboxamide; 
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(35)-l-acetyl-iV^{2'-[(4-fluorophenyl)aiiimo]-4,4'-bipyri 
caiboxamide; 

1- AcetylrA^{24(4-fhion)phenyl)ammoH,4'*ipyridm-2-yl}py^ 
caiboxamide; 

3KAminosiilfonyl>i\^{2'-[(4-fluorophenyl)aiiimoH,4'-^^^ 
Ediyl2-{[(2'-anilino-4,4'-*ipyridm-2-yl)anjino]methyl}c^^^ 

2- {[^'-AiuIino-4,4-Wpyridiii-2-yl)ammo]methyl}cydopropanecaibo 
J\^phenyl-iSr-<tetrahydro-2fl^pyran-4-yImethylH.4'-bipyridine- -diamine: 
iS?-phenyl-iV'-(tetrahydiofuran-^^^ 

as a fiee base or a salt, solvate or solvate of salt thereof. 

13. A compound according to any one of claims 1 to 12, in the fonn of a 
phannaceutically accq>table salt 

14. A pharmaceutical formulation comprising as active ingredient a therapeuticaDy 
effective amount of the compound of any one of claims 1 to 13 in association with 
phannaceutically acceptable carriers or diluents. 

15. A pharmaceutical formulation comprising as active ingredirat a therq)eutically 
effective amount of the compound of any one of claims 1 to 13 for use in the 
prevention and/or treatment of. conditions associated wtfi JNK activation. 

16. Acompoundaccordingtoany one of claims 1 to 13 for use m therapy. 

17. Use of a compound accordmg to any (»]e of clauns 1 to 13 in the manufacture of a 
medicament for the prevention and/or treatment of conditions associated with JNK 
activation. 

18. Use of a compound according to any one of claims 1 to 13 in the manufacture of a 
medicament for the prevention and/or treatment of conditions selected from: central 
or peripheral neurological degenerative disorders including Alzheimer's disease. 
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cognitive disorders, Parkinson's disease. Huntington's disease, amyotrophic latoal 
sclerosis, Rontotemporal dementia Parkinson's Type, Parkinson dementia complex 
of Gaum, HIV dementia, corticobasal degeneration, dementia pugilistica, Down's 
syndrome, postencephelatic parkinsonism, progressive siq>ranuclear palsy. Pick's 
Disease, Niemann-Pick's Disease, epilq)sy, a peripheral neuropafliy, spinal cord 
injury, head tramna; autoimmmie diseases including Multiple Sclerosis, 
inflamm a to ry bowel disease, Crohn's disease, rheumatoid arthritis, asthma, septic 
shock, transplant rejection; cardiovascular diseases includmg stroke, arterosclerosis. 
myocardial infarction, myocardial reperfusion injury; cancer including breast-, 
colorectal, pancreatic, prostate cancer. 

19. The use according to claim 18 wherein said condition is Alzheimer's disease. 

20. Use of acompound according to anyone of claims 1 to 13 in tiie manufacture of a 
medicament for the prevention and/or treatment of conditions associated witii 
inhibiting the expression of inducible pro-inflammatory proteins. 

21. Use of a compound according to any one of claims 1 to 13 in tfie manufacture of a 
medicament for tfie prevention and/or treatment of conditions selected fiom edema, 
analgesia, fever and pain, such as neuromuscular pain, headadie, cancer pain, 
dental pain and arthritis pain. 

22. A mefliod of treiting or preventing conditions associated witfi JNK activation 
comprising tiie administration of a tfier^uticaUy efBective amount of a compound 
of Formula I accordir^ to any one of claims 1 to 1 3 to a mammal m need thereof. 

23. A metfiod of treating or preventing conditions selected fiom central or peripheral 
neurological degenerative disorders mcluding Alzheimer's disease, cognitive 
disorders, Parkinson's disease, Huntington^s disease, amyotrophic lateral sclerosis, 
Erontotenq)oral dementia Paridnson's Type, Parkinson dementia complex of Gaum, 
mv dementia, corticobasal degeneration, dementia pugilistica, Down's syndrome, 
postencephelatic parkinsonism, progressive supranuclear palsy. Pick's Disease, 
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Niemann-Kck's Disease, epilepsy, a peripheral neuropathy, spinal cord injury, head 
trauma; autoimmune diseases including Multiple Sclerosis, inflammatory bowel 
disease, Crohn's disease, rheumatoid arthritis, asflmia, septic shock, transplant 
rejection; cardiovascular diseases including stroke, arterosclerosis, myocardial 
infarction, myocardial reperfiision mjury; cancer including breast-, colorectal, 
pancreatic, prostate cancer comprising the administration of a ther^)eutically 
efEsctive amount of a compound of Formula I according to any one of claims 1 to 
13 to amammal in need thereof. 

24. The method according to claim 23, wherein said condition is Alzheimer's disease. 

25. A method of treating or preventing associated with inhibiting the expression of 
inducible pro-inflammatory proteins comprising the admmistration of a 
ther^utically effective amount of a compound of Formula I according to any one 
of claims 1 to 13 to a mammal in need thereof. 

26. The method according to claim 25, wherem the condition is selected from edema, 
analgesia, fever and pam. such as neuromuscular pain, headache, cancer pain, 
dsatdl pain and arthritis pam. 

27. A process for the preparation of a compound of formula la, wherein R^andR^are 
as defined in claim 1; 




comprising the st&ps: 
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leacting 4.4'-bipyridm^2^*.diaiiime with an arylhalide (R^-I) and with a transition 
metal catalyst or a palladium catalyst CTd-catalysfO in the presence of a base m an 
ether or hydrocarbon sol vrnt to give a compound accoiding to Formula 11; and 

reacting a compound of Fonnula H m a second arylation reaction with an arylhalide 
(R^-Br) and with a transition metal catalyst or a palladium catalyst ("Pd-catalyst**) 
to obtain a compound of formula la. 

28. A process for the preparation of a compound of formula lb, Ic or Id, wheiem R\ 
and are as defined in claim 1; 




comprising the steps: 

reactmg 4.4'-bipyridine-2;2*-diamine with an arylhaHde (R^-I) and with a transition 
metal catalyst or a paDadium catalyst ("Pd-cataly sfO in the presence of a base in an 
ether or hydrocarbon solvent to give a compound according to Foimula II; and 
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reacting said compound of Fcjnnula n with a caiboxylic add C*R^COOH alt 
R^COOirO in the presence of a amide coupling reagent and a base in an inert 
solvent to obtain a compound according to fonnula lb; or 

reacting said conaqpound of Fonnula n with a caiboxylic acid chloride (•TR^OCOa 
alt R^OCOa'O in an inert solvent in die presence of a base in a solvent to obtain a 
compound according to formula Ic; or 

reacting said con^und of Formula n with a chlorocaibonate or sulfonylchloride 
C*R^S02a or R^SQza'O to obtain a compound according to formula Id. 

29, A process for the preparation of a conqjound of fonnula le, wherein R\R^andR^ 
are as defined in claim 1; 




le 

comprising the steps: 

reacting 4.4*-bipyridine-2;2'-diamine with an arylhalide (R*-I) and with a transition 
metal catalyst or a palladium catalyst ("Pd-catalysfO in the presence of a base in an 
ether or hydrocarbon solvent to give a compound according to Fonnula II; and 
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reacting said con^und of Fonnula n with a caiboxylic add 011.^00011 alt 
R^COOH") foUowed by leduction to the amine with a reducing agent in a solvent to 
obtain a compound according to fomada le; or 

reacting said compound of Formula n with a carboxaldehyde C'R^CHO alt 
R^CHO*") in flie presence of a reducing ag^t to obtain a con]|>ound accordmg to 
fonnula le. 

30. A process for the preparation of a compound of formula If, wherein R\R^andR^ 
are as defined m claim 1; 




II If 



ccmqnising the steps: 

reacting 4.4*-bipyridm©.2,2*-diamine with an arylhalide (R^-I) and with a transition 
metal catalyst or a palladium catalyst CTd-<:atalysf 0 in the presence of a base in an 
ethCT or hydrocarbon solvent to give a compound according to Fbrmula H; and 

reacting said compound of Fonnula n with an isocyanate CR^CO alt R^CO^ in 
a solvent, to obtain a compound according to Formula If. 



31. 



A con^und according to formula II 
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wherein is R' is aiyl or heteroaryl each of which is «3ptionally sobstitutBd with one 
or more of the foUowing R', 0R\ OCOR^ COOR', COR^ CONR^*, NHCOR^ 
NR'R^ NHSQ2R^ SOJB?, SQaNR^^ SR^ CN, halogeno or NO2; 

3 4 

R andR are each md^ndeiidyhydn)gCT,haogMo,Ci-6alkyl,Ci-6a^ 
optionaUy substituted by NR^^ Cm cycloalkyl, alkenyl, C^6 alkenyl 
optionally substituted by NR^^ (Cm cycloalkyOCw alkyl. heterocycle, 
hetrocycleCi^ allqrl, Ci^fluoroalkyl, or alternatively NR^^can fonn a ring having 
3 to 7 atoms, said ring optionally includmg one or more additional hetero atoms 
being optionally substituted with one or moie A; 
A is Ci^ alkyl or halogeno; 

as a firee base or a salt» solvate or solvate of salt th^eof . 

32. A compound which is 
A^-Phenyl-4,4'-bipyridine-2^'-diamine; 
^^-(4-FluorophenylH,4'-bipyridin&-2^*-diamine; 

as a firee base or a salt, solvate or solvate of salt thereof. 

33. The use compound according to Formula II in claim 31 for the preparation of a 
compound of formula I as defined in any one of claims 1 to 13. 

34. The use of a compound according to claim 32 for the preparation of a compound of 
fonnula I as defined in any one of claims 1 to 13. 
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